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Acerca de este libro 


Esta es una copia digital de un libro que, durante generaciones, se ha conservado en las estanterías de una biblioteca, hasta que Google ha decidido 
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Google se enorgullece de poder colaborar con distintas bibliotecas para digitalizar los materiales de dominio püblico a fin de hacerlos accesibles 
a todo el mundo. Los libros de dominio püblico son patrimonio de todos, nosotros somos sus humildes guardianes. No obstante, se trata de un 
trabajo caro. Por este motivo, y para poder ofrecer este recurso, hemos tomado medidas para evitar que se produzca un abuso por parte de terceros 
con fines comerciales, y hemos incluido restricciones técnicas sobre las solicitudes automatizadas. 


Asimismo, le pedimos que: 


+ Haga un uso exclusivamente no comercial de estos archivos Hemos diseñado la Búsqueda de libros de Google para el uso de particulares; 
como tal, le pedimos que utilice estos archivos con fines personales, y no comerciales. 


+ No envíe solicitudes automatizadas Por favor, no envíe solicitudes automatizadas de ningün tipo al sistema de Google. Si está llevando a 
cabo una investigación sobre traducción automática, reconocimiento óptico de caracteres u otros campos para los que resulte util disfrutar 
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+ Conserve la atribución La filigrana de Google que verá en todos los archivos es fundamental para informar a los usuarios sobre este proyecto 
y ayudarles a encontrar materiales adicionales en la Büsqueda de libros de Google. Por favor, no la elimine. 


+ Manténgase siempre dentro de la legalidad Sea cual sea el uso que haga de estos materiales, recuerde que es responsable de asegurarse de 
que todo lo que hace es legal. No dé por sentado que, por el hecho de que una obra se considere de dominio püblico para los usuarios de 
los Estados Unidos, lo será también para los usuarios de otros países. La legislación sobre derechos de autor varía de un país a otro, y no 
podemos facilitar información sobre si está permitido un uso específico de algün libro. Por favor, no suponga que la aparición de un libro en 
nuestro programa significa que se puede utilizar de igual manera en todo el mundo. La responsabilidad ante la infracción de los derechos de 
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Acerca de la Busqueda de libros de Google 
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GENERAL INFORMATION 


The PROCEEDINGS of the Institute are published every two months and 
contain the papers and the discussions thereon as presented at the meetings 
and at the Sections in the several cities listed on the following page. 


Payment. of the annual dues by a member entitles him to one copy of 
each number of the PROCEEDINGS issued during the period of his membership. 


Subscriptions to the PROCEEDINGS are received from non-members at the 
rate of $1.50 per copy or $9.00 per year. To foreign countries the rates are 
$1.60 per copy ог $9.60 per vear. А discount of 25 per cent is allowed to 
libraries and booksellers. 


2 Тһе right to reprint limited portions or abstracts of the articles, discus- 
sions, or editorial notes in the PROCEEDINGS is granted on the express con- 
ditions that specifie reference shall be made to the source of such material. 
Diagrams and photographs in the PRocEEDINGS may not be reproduced with- 
out securing permission to do so from the Institute through the Editor. 


It is understood that the statements and opinions given in the PROCEED- 
INGS are the views of the individual members to whom they are credited, and 
are not binding on the membership of the Institute as a whole. 
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INSTITUTE ACTIVITIES 


Chicago Section 
At the November meeting of the Chicago Section, held in the 
Monadnock Building, a paper on “Short Wave Transmitters and 
Antenna Models" was presented by Prof. J. Т. Tykociner, of the 
University of Illinois. А second paper on the subject “А New 
Wavemeter for Radio Measurements" was presented by Prof. 
Tykociner and L. P. Gardner. 


Board Meeting, December 1 

The December meeting of the Board of Direction, held at 
Institute headquarters, New York, was attended by Dr. J. H. 
Dellinger, president; Donald McNicol, vice-president; Alfred N. 
Goldsmith, secretary; W. F. Hubley, treasurer; J. V. L. Hogan, 
L. A. Hazeltine, and Lloyd Espenschied, managers. Committee 
chairmen, making reports to the Board at this meeting, and who 
were present, were: Ralph Bown, L. E. Whittemore and R. H. 
Marriott. 

Year Book 

The Year Book for 1926 will be issued about the middle of 
February. This publication will contain a complete list of the 
members of the Institute, all grades; the Constitution, Section 
By-laws, and other matter of interest to all who are identified 
with the Institute, and who are interested in radio. 

The publication is free to all Fellows, Members and Asso- 
ciates. A copy is being mailed to each member in these grades. 

Price to others, fifty cents per copy. 


Committees for Year 1926 

In this issue of the PROCEEDINGS appears а list of working 
committees for the year 1926, appointed by the President. 

Members of the Institute may communicate direct with com- 
mittee chairman on matters pertaining to the work of the re- 
spective committees. The rapid increase in membership in the 
Institute in recent years will very likely continue throughout the 
present and coming years. With the membership as large as it 
is now, the work of the committees is of considerable proportions, 
and requires the continuous attention of the respective chairmen 
and of committee members. 
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INSTITUTE AFFAIRS 5 


Elections and Transfers 

At the December, 1925, Board meeting, the following trans- 
fers and elections were approved: Transferred to grade of 
Fellow: Dr. Ralph Bown and Lester Jones. Transferred to grade 
of Member: D. Hepburn and Isaac R. Lounsberry. Elected to 
grade of Member: W. E. Branch, Walter J. Brown, George P. 
Bush, O. E. Dunlap, F. E. Eldredge, Walter H. Eller, J. H. 
Reyner. 

At the January, 1926, Board meeting sixty applications for 
Associate grade and six applications for Junior grade were ap- 
proved. 

January Meeting of Board of Direction 

At the regular monthly meeting of the Board of Direction, 
held January 5, the following members were present: Dr. J. H. 
Dellinger, Dr. А. N. Goldsmith and Messrs. Donald McNicol, 
Lloyd Espenschied, J. V. L. Hogan, Melville Eastham, W. F. 
Hubley, R. H. Marriott and L. E. Whittemore. 

The count of the election ballots showed that the member- 
ship at large had elected as officers for the year 1926: Mr. Donald 
MeNicol, President; Dr. Ralph Bown, Vice-president, and as 
Managers, Messrs. R. H. Marriott and L. E. Whittemore. The 
three appointive Managers, and one to fill the unexpired term of 
Dr. H. W. Nichols, deceased, are: Louis A. Hazeltine, Lloyd 
Espenschied, J. V. L. Hogan and George Lewis. 


Certificates of Membership 

At the January, 1926, meeting of the Board of Direction, 
proposal was approved to issue Certificates of Membership to 
Fellows and Members, and membership cards to Associates. 
The former will be suitably engrossed, will show the name of the 
member, and be signed by the President and Secretary of the 
Institute. 

The certificates and cards will be ready for distribution about 
March 1, next, and may be obtained upon request to the Sec- 
retary. 

Annual Meeting, 1926 

The Annual Meeting of the Institute for 1926 was held in 
the form of a Convention on January 18, 19, in the Engineer- 
ing Societies Building, New York. А paper on “The Polariza- 
tion of Radio Waves" was presented by Mr. G. W. Pickard, and 
a paper on “Тһе Present Status of Radio Atmospheric Distur- 
bances," by Dr. L. W. Austin. 
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6 INSTITUTE AFFAIRS 


At the evening session, January 18, was presented a Sym- 
posium on “Тһе Results of the Washington Radio Conference of 
November, 1925," the various viewpoints being discussed by 
. Dr. Alfred N. Goldsmith, Dr. J. H. Dellinger, Mr. J. V. L. Hogan 
and Mr. R. H. Marriott. 

Organized trips of inspection were made to the new high- 
power broadeasting station of the Radio Corporation of America 
at Bound Brook, N. J.; the trans-ocean radio telegraph office of 
the Radio Corporation of America in New York; Broadcast 
Station WEAF of the American Telephone and Telegraph Com- 
pany; the Bell Laboratories Station WJZ, New York, of the 
Radio Corporation of America; the Studio and Station of WAHG, 
and manufacturing plant of А. H. Grebe Company, Richmond 
Hill, N. Y. 

On the evening of January 19, there was & banquet at the 
Waldorf-Astoria Hotel, New York, at which the dinner music 
was received by radio, and at which the following radio engineers 
and executives delivered short addresses: Dr. Irving Langmuir, 
Dr. Е. B. Jewett, Dr. А. E. Kennelly, Dr. Е. Е. W. Alexanderson, 
Prof. J. Н. Morecroft, Mr. Edward J. Nally and Mr. А. H. Grebe. 


Report of Standardization Committee 


The Report of the Standardization Committee, to be known 
as the 1926 Report, is now ready for distribution. The Report 
contains a list of definitions of radio terms prepared by the Com- 
mittee; also, approved symbols illustrating circuit elements and 
apparatus parts. Copies are included as а supplement to this 
issue of the PROCEEDINGS. Price to non-members, one dollar 


per copy. 
Technical Papers for Presentation or Publication 


It is important that all papers intended for presentation at 
meetings or for publication in the PrRocEEpINnGs be forwarded 
to the Chairman of the Meetings and Papers Committee at least 
sixty days before the date of presentation. This, in order to 
allow time for review, editing, making of illustrating cuts, print- 
ing, scheduling, etc. Illustrations must be clear enough to re- 
produce clearly as line cuts or half-tones, and must be of sizes 
such that they will still be clear when reduced to the width of the 
PROCEEDINGS page. Only sufficient illustrations must be used 
as are necessary to clarify the text. 
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It will be recalled that something over two years ago, experi- 
ments in one-way radio telephone transmission were conducted 
from the United States to England.! . In respect to the clarity 


*Presented before THE INsTITUTE ог Клро ENGINEERS, New York, 
May 6, 1925. Received by the Editor, May 28, 1925. 

1“Trans-Atlantic Radio Telephony," Arnold and Espenschied, ‘Journal 
of the American Institute of Electrical Engineers," August, 1923. See also, 
"Power Amplifiers in Transatlantic Telephony," Oswald and Schelleng, Pro- 
CEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS. 
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and uniformity of the reception obtained in, Europe, the results 
represented a distinct advance in the art over the trans-Atlantic 
tests of 1915. However, they were carried out during the winter, 
which is most favorable to radio transmission, and it was real- 
ized that an extensive study of the transmission obtainable during 
less favorable times would be required before the development 
of a trans-Atlantic radio telephone ser&ice could be undertaken 
upon & sound engineering basis. Consequently, an extended 
program of measurements was initiated to disclose the trans- 
mission conditions obtaining thrirout the twenty-four hours of 
the day and the various seacons of the year. The methods used 
in conducting these measurements and the results obtained dur- 
ing the first few months’ of them have already been described 
in the paper previously mentioned. The results there reported 
upon were limjted to one-way transmission from the United 
States to England upon the telephone channel. Since then meas- 
urements have extended to include transmission on several fre- 
quencies in each direction from radio telegraph stations, in addi- 
tioń'to the 57 kilocycles employed by the telephone channel. 
The present paper is, therefore, in the nature of a report upon 
the results thus far obtained in work currently under way. It 
seems desirable to make public these results because of the large 
amount of valuable data which they have already yielded, and 
because of the timely interest which attaches to information 
bearing upon the fundamentals of radio transmission. The carry- 
ing on of this extensive measurement program has been made 
possible thru the co-operation of engineers of the following organ- 
izations: in the United States—The American Telephone and 
Telegraph Company and the Bell Telephone Laboratories, In- 
eorporated, with the Radio Corporation of America and its 
Associated Companies; in England—the International Western 
Electric Company, Incorporated, and the British Post Office. 


MEASUREMENT PROGRAM 


The scene of these trans-Atlantic experiments is shown in 
Figure 1. The British terminal stations will be seen to lie in the 
vicinity of London and the American stations in the northeastern 
part of the United States. The United States transmitting sta- 
tions are the radio telephone transmitter at Rocky Point, Long 
Island, and the normal radio telegraph transmitters at Rocky 
Point and at Marion, Massachusetts. The measurements of 
these stations were made at New Southgate and at Chedzoy 
England. The British transmitting stations utilized in measur- 
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qu east-to-west transmission were the British Post Office 
Соны stations at Leafield and at Northolt. Тһе receiving 
. "measurements in the United States were initiated at Green 
_ Harbor, Massachusetts, and continued at Belfast, Maine, and 
_ Riverhead, Long Island. 


Er 


FIGURE 1 


The Riverhead receiving station, shown in Figures 2 and 3, 
is typical of the receiving stations involved in the measurement 
program. The interior view of Figure 3 shows the group of re- 
ceiving measurement apparatus at the right and the loop at the 
left. The three bays of apparatus shown are as follows: That 
at the left is the receiving set proper which is, in reality, two 
receiving sets in one, arranged so that one may be set for meas- 
urements on one frequency band and the other set upon another 
band. Th eset is provided with variable filters which accounts 
for the considerable number of condenser dials. The second bay 
from the left contains voice-frequency output apparatus, cathode 
Тау. oscilligraph and frequency meter. The third bay mounts the 
source of local signal and-means for attenuating it, and the fourth 
bay contains means for monitoring the transmission from the 
nearby Rocky Point radio telephone transmitter. 

The measurements made are of two quantities: (1), the 
strength of received field, and (2), the strength of received noise 
* caused by static. The particular frequencies upon which the 

measurements were taken are given in the chart of Figure 4. 
у lie in a range between 15 and 60 ke. The arrows indicate 
single frequency transmissions which were employed for signal 
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field strength meausrements, those at the left indicating the fre- 
quencies received in the United States from England, and those 
at the right, the frequencies received in England from the United 
States. The black squares in the chart denote the bands in which 
the noise measurements were taken. In general, the measure- 
ments of both field strength and noise have been carried out on 
both sides of the Atlantic at hourly intervals for one day each 
week. The data presented herewith are assembled from some 
40,000 individual measurements taken during the past two years 
in the frequency range noted above. The transmitting antenna 
eurrent has been obtained for each individual field strength 
measurement and all values corrected to а definite reference 
antenna current for each station measured. The data have been 
subject to careful analysis in order to disclose what physical 
factors, such as sunlight and the earth's magnetic field, affect 


radio transmission. 


TRANSATLANTIC RADIO TELEPHONE — MEASUFEMENTS 
FREQUENCY DISTRIBUTION OF MEASUREMENTS ` 
8 DENOTES BANO IN WHICH NOISE MEASUREMENT BAS TAKEN 


UNITED STATES ENGLAND 
BELFAST 


TRANSMITTING STATION 
AND FREQUENCY 


ROCKY POINT (2XS) 
57000 CYCLES 


NORTHOLT (GKB) 
е $2000 CYCLES - 


LEAFIELO (3BL) 


+ — — iso CYCLES 


MARION (WSO) 
LEAFIELD (GaL) 25700 caes "т 
24050 CYCLES 


ROCKY POINT (sg) 


FIGURE 4 
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MEASUREMENT METHODS 

Altho it will not be necessary to describe in any detail the 
type of apparatus employed in making these measurements, as 
this information has already been published,? a reminder of the 
methods involved will facilitate an understanding of the data. 

In general, the method employed in measuring the signal 
field strength is a comparison one. А reference radio-frequency 
voltage of known value is introduced in the loop antenna and 
adjusted to give the same receiver output as that from the dis- 
tant signal. This is determined either by aural or visual means. 
Under such conditions equal voltages are introduced in the an- 
tenna from local and distant sources, and by caleulating the 
effective height of the loop the field strength of the received 
signal is determined. 

In the noise measurements, statie noise 1s admitted thru a 
definite frequency band approximately 2,700 cycles wide. А 
local radio-frequency signal of known and adjustable voltage is 
then introduced. "The radio-frequeney source of this signal is 
subjected to a continual frequency, fluctuated so that the detected 
note has а warbling sound. "This is done in order that the effect 
of static upon speech can be more closely simulated than by 
using a steady tone. The intensity of the signal is then adjusted 
to such a value that further decrease results in a rapid extinction. 
The comparison signal is then expressed in terms of an equivalent 
radio field strength. Thus the static noise is measured in terms 
of a definite reference signal with which it interferes and is ex- 
pressed In microvolts per meter. 


SIGNAL FIELD STRENGTH 

The curves of Figure 5 are given as examples of the field 
strength measurements covering a single day's run. The curves 
have been constructed by connecting with straight lines, the 
datum points of measurements taken at hourly intervals. It 
will be evident that they portray the major fluctuations occurring 
thruout the day, but that they are not sufficiently continuous to 
disclose, in. detail, the intermediate fluctuations to which the 
transmission ік subject. 

DitrnaL VanraTioN— The left-hand curve is for transmis- 
sion from England to America on 52 kilocycles, and the right- 
hand one for transmission from America to England on 57 kilo- 
These curves illustrate the fact, which further data sub- 


cycles. 


Radio Transmission Measurements," Bown, Englund, and Friis, 
PROCEEDINGS OF THE Іхзтітстк OF RADIO ENGINEERS, April, 1923. 
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stantiate, that both transmissions are subject to substantially 
the same diurnal variation. The condition of the trans-Atlantic 
transmission path with respect to daylight and darkness is indi- 
cated by the bands beneath the curves. The black portion indi- 
cates the time during which the trans-Atlantic path is entirely 
in darkness, the shaded portions the time during which it is only 
partially in darkness, and the unshaded portions the time during 
which daylight pervades the entire path. 

The diurnal variation may be traced thru as follows: 

1. Relatively constant field strength prevails during the day- 
light period. 

2. A decided drop in transmission accompanies the occur- 
rence of sunset in the transmission path between the two ter- 
minals. 

3. The advent of night-time conditions causes a rapid rise 
in field strength to high values, which are maintained until day- 
light approaches. 

4. The encroachment of daylight upon the eastern terminal 
causes a rapid drop in signal strength. This drop sometimes 
extends into a morning dip similar to, but smaller than, the even- 
ing dip. After this, relatively steady daylight field strengths 
again obtain. 

Three or four curves similar to Figure 5 are obtained each 
month. By taking the average of such curves for the month of 
September, 1923, the lower curve on Figure 6 is obtained. The 
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Figure 5—Diurnal Variation in Signal Field 
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upper curves are for similar averages of measurements made on 
the lower frequencies. These curves show clearly that the range 
of the diurnal fluctuation is less for the lower frequencies. This 
is because of the lesser daylight absorption. 
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Fictre 6—-Monthly Average of Diurnal Variation in Sig- 

nal Field Transmission from American Stations on Various 

Received at New Southgate, England. 
September, 1923 


Frequencies. 

The mechanism by which the trans-Atlantic transmission 
path is subjected to these daily and seasonal controls on the part 
of the sun would be more evident were we enabled to observe 
the earth from a fixed point in space. We should then be able 
to see the North Atlantie area plunged alternately into daylight 
and darkness as the earth rotates upon its axis, and to visualize the 
seasonal variation of this exposure to sunlight as the earth re- 
volves about the sun. Photographs of a model of the earth show- 
ing these conditions have been made, and are shown in Figure 7. 
The first condition is that for January, in which the entire path 


is in daylight. The curve of diurnal variation is shown in the 
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Figure 7—Diurnal Variation in January Signal Field. a. Total Path in Sun- 

light. b. Sunset Near Midpoint of Transmission Path. с. Sunset Conditions 

When High Night Values Have Been Obtained. d. Sunrise Conditions 

When High Night Values Begin to Decrease. е. Sunrise Near Midpoint of 
'Transmission Path 


MICRO-VOLT$ PER METER 
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picture and that part which corresponds to the daylight condi- 
tion is indicated by the arrow. In the next position the earth 
has rotated so that the London terminal is in darkness while the 
United States terminal is still in daylight. This corresponds to 
the evening dip, the period of poorest transmission. With the 
further rotation of the earth into full night-time conditions for the 
entire path, the received signal rises to the high night-time values. 
These high values continue until the path approaches the 
daylight hemisphere, as indicated in the fourth position. As the 
path enters into sunlight, the signal strength drops with a small 
dip occurring when sunrise intervenes between the two terminals. 

SEASONAL VARIATION—By assembling the monthly average 
curves for all months of the year, the effect of the seasonal varia- 
tion on the diurnal characteristic becomes evident. This is 
shown in Figure 8, the data for which actually cover two years. 
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FicvRE 8—Monthly Averages of Diurnal Variation in Signal Field. Rocky 
Point, L. I. (2XS) To New Southgate, England. 57,000 Cycles—Antenna 
Current, 300 Amperes—5,480 Km. 

1923—1924 


The outstanding points to be observed in this figure are: 

1. The continuance of the high night-time values thruout the 
year. | 

2. The persistence of the high night-time values for a longer 
period in the winter than in the summer months. 

3. The daylight values show a comparatively small range of 
variation. | | 

4. The extreme range of variation shown between the mini- 
mum of the sunset dip and the maximum of the high night-time 
values is of the order of 1-to-100 in field strength. This is equiva- 
lent to 1-to-10,000 in power ratio. 
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It will be recalled that the cause of the seasonal changes upon 
_ the earth’s surface resides in the fact that the earth’s axis is in- 
clined and not perpendicular to the plane of its orbit about the 
sun. As the earth revolves about the sun, the sunlit hemisphere 
gradually extends farther and farther northward in the spring 
months and by the summer solstice reaches well beyond the north 
pole, as indicated in Figure 9. As the earth continues to revolve 


Figure 9—Night Conditions in June. Sunlight 170 Km. 
Above Great Circle Path Between New York and London 


about the sun, the sunlit hemisphere recedes southward until 
at the winter solstice it falls considerably short of the north pole 
and extends correspondingly beyond the south pole. Since the 
trans-Atlantic path lies fairly high in the northern latitude, it is 
not astonishing that the transmission conditions disclose a decided 
seasonal influence. The effect of this seasonal influence in 
shifting the diurnal transmission characteristic is better shown 
in Figure 10. This figure consists of the same monthly average 
diurnal curves as are assembled in Figure 8, arranged one above 
the other instead of side by side. 

In particular, there should be noted: 

1. The time at which the sunset dip occurs йо with the 
change in time of sunset. 

2. Similarly, the time at which the morning drop in field 
strength occurs changes with the time of sunrise. 

3. The period of high night-time values, bounded between 
the time of sunset in the Uni£ed States and the time of sunrise 
in England, is much longer in the winter than in the summer 
months. 

It is also to be observed that, as a rule, full night-time values 
of signal field strength are not attained until some time after 
sunset at the western terminal and that they begin to decrease 
before sunrise at the eastern terminal. In other words, the day- 
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light effects appear to extend into the period in which the trans- 
mission path along the earth's surface is unexposed to direct 
rays of the sun. The effect of this is that with the advance of 
the season from winter to summer, the time at which the high 
night-time value is fully attained, occurs later and later, whereas 
the time at which it begins to fall off occurs earlier and earlier, 
until the latter part of April when these two times coincide. At 
this time, then, the transmission path no sooner comes into the 
full night-time conditions than it again emerges. As the season 
further advances into the summer, the day conditions begin to 
set in while the night-time field strength is still rising. The proxi- 
mity to the daylight hemisphere, which the trans-Atlantic path 
reaches at night during this season of the year is illustrated in 
Figure 9. | | 

Аз {һе sunlit hemisphere recedes southward after the summer 
solstice, а time is reached, about the middle of August, when the 
full night-time values are again realized. Beyond this time they 
are sustained for increasing periods of time. It is of interest to 
note that at these two times of the year, the last of April and the 
middle of August, direct sunlight exists over the darkened hemis- 
phere some 500 kilometers above the great circle path. 

For all of the conditions noted above, namely, sunset, sun- 
rse, and summer approach of the transmission path to the 
northern boundary of the night hemisphere, the path lies in а 
region wherein the radiation from the sun grazes the earth's sur- 
face at the edge of the sunlit hemisphere. The transmission 
path also approaches this region during daylight in the winter 
months, as will be seen by reference to the first position of Figure 
7 for the month of. January. The results of measurements for 
the months of November, December, and January for all of the 
frequencies measured show definite reductions in the daylight 
field strengths. This reduction is evident in Figure 8 for the 57- 
kilocycle transmission, but shows up more strikingly in the curves 
of Figure 11. The effect of each of these conditions, in which the 
transmission path approaches the region in which the solar 
emanation is tangential to the earth’s surface, will be observed 
to be that of an increase in the transmission loss. The fact that 
in one instance this occurs in daylight would seem to suggest, 
for its explanation, the presence of some factor in addition to 
sunlight, such as electron emission. 

FIELD STRENGTH FORMULAS—The two major phases of the 
diurnal variation of signal field strength which lend themselves 
to possible predetermination are the daylight values and the 


20 ESPENSCHIED, ANDERSON AND BAILEY 


Ў + " * . же . - =— 1 + 4 . t Ф H LI +- 
menus at New Southgate Eng. Me4e.remerts Ta) ие States. 
. . . * - + * fermens 4 1 “ А > -+ т” 


eq dw L 17130 Cycioo | | Ne 
| | 1923 | 


Мезе ге 


| 


| i 
* | | 
cles X li у ' Meam ure ас 
sD ————— 9 Green Hor bor, Masa. 1923 


-$---9---e- 1924 | 


+ 
277 Riyechgad,b.1 1924 ._ 
I 20 | tones 
+ 
4 


ей - — 
2480 25700 Сунее, 13 ш йе иб миш» аьа 
Өр } 


Эта: Fala Strengtn L V/M 
Signal Field Strength UNM 
i 
aje 
1 


Cyciye > | . смеет. ` 
GB 645 9 rU Ee пе вола мава 1923 
2.2 -%9-:-%:::%- Be'fasy „Мате. 1924 ___ 

5 0 7 Riverhead l... 1924 


BASE а 
We NEU. Kc May Ал 5м Oct ж. Dae. Jen feb Mar Жо Mey Аға 22) Ад Sex Oct. Now Dec. 
FiavRE 11—Monthly Averages of Daylight Field Strength 


established night-time values. Аз to the night-time values our 
data show, within the limits of experimental error, that the maxi- 
mum values do not exceed that defined by the Inverse Distance 
Law. This fact seems to support the viewpoint? that the high 
night-time values are merely the result of a reduction of the 
absorption experienced during the day. Figure 11 presents the 
monthly averages of the daylight field strengths for the various 
frequencies on which measurements were taken. The chart at 
the left is for reception in England and that at the right for 
reception in the United States. 

The difficulty in predicting by transmission formulas, values 
to be expected at any one time will be evident and the best that 
can be expected is to approximate the average. The formulas 
of Sommerfeld, Austin-Cohen, and Fuller take the form 


. а) 
E( ur./m Тым HU 
CREDUNT. WIDE T 
- 377 1 | : pr 
where the coefficient ОГ) represents. the simple Hertzian 
/ 


aD 


adiation field and the exponential € л the. attenuation 
factor. From theoretical considerations, Sommerfeld (1909) gave 
а = ().0019 and r=1 3. In the Austin-Cohen formula 4 is given 
as 0.0015 and 71,2. Fuller gives а 20.0045 and х=1.4. The 
Austin-Cohen formula was tested. out experimentally chiefly 
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3 Nee also “Radio Extension. of Telephone Svstem to Ships at Sea, 
Nichols and Espensehied, Ркоскеріхсх oF Тик Institute ок Каро Ex- 


GINEERS, June, 1923, pages 226-227. 
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with data obtained from the Brant Rock station (1911) and from 
the Arlington station by the U. S. S. Salem in. February and 
March, 1913. Fuller derived his 0.0045 value of « from 25 
selected observations from tests between San Francisco and Hono- 
lulu in 1914. 

An attempt has been made to determine the constants of а 
formula of the above form which would approximate averages 
of some 5,000 observed values of field strength over this particular 
New York to London path and over the frequency range of 17 kc. 
to 60 kc. For each transmitting station a series of compara- 
tively local measurements were taken to determine the powel 
radiated. By combining these local measurements with the 
values obtained on the other side of the Atlantic we found that 
approximately а = 0.005 апа х=1.25. The transmission formula 
then becomes 


0.005 D 
_877НІ 7 yas 
B(u0./m,) = THT, 
or in terms of power radiated 
_ 0.005 D 
g= УР? ЫР, A 1.25 


where 
E = Field strength in microvolts per meter 
P = Radiated power in kw. 
D = Distance in km. 
д = Wave length іп km. 


CORRELATION BETWEEN RADIO TRANSMISSION AND EARTH’S 
MaaNETIC FIELD—In analyzing the measurements we were im- 
pressed by the occasional] occurrence of marked deviations from 
the apparent normal diurnal characteristic. А series of measure- 
ments which includes an example of this condition is represented 
in the upper curves of Figure 12. The curves of the first four 
. days exhibit the normal diurnal characteristic as did the curves 
of the preceding measurements. The next test of February 
25-26 exhibits a marked contrast with that of two days previous. 
Such abnormality continues in greater or less degree until partial 
recovery in the test of April 29-30. 

The table following summarizes the data relative to day- 
light transmission. 
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FicurE 12—Correlation of Radio Transmission and Earth's Magnetic Field. 
Transmission from Rocky Point, L. I., U. S. A. (57,000 Cycles) to p ORAN. 
England. Earth's Magnetic Field Measured at Cheltenham, Md., .А. 


Comparison of these data with those of the earth's magnetic 
field for corresponding days shows a rather consistent correlation. 
This will be evident from inspection of the magnetic data plotted 
below the same figure. Both the horizontal and vertical com- : 
ponents of the earth's field are shown. The first decided abnor- 
mality occurs February 25-26. The three succeeding periods 
show а tendency to recover followed by а second abnormality 
on March 25-26 and again one on April 22-23. It is of interest to 
note that within limitations of the intervals at which measure- 
ments were taken, these periods correspond roughly to the 27- 
day period of the sun. Coincidences similar to those described 
above have been found for other periods. Except for this coin- 
cidence of abnormal variations in earth's magnetic field and radio 
transmission, exact correlation of the fluctuations has not been 
found possible. 

The magnetic data have been supplied thru the courtesy of 
the United States Goedetic Survey. Similar data taken in Eng- 
land were obtained from the Kew observatory and show similar 
results. 
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The contrast in the diurnal variations of radio transmission 
before and after the time a magnetic storm is known to have 
started, is further brought out in Figure 13. The lower left- 
hand curve in this figure superimposes curves of February 22-23, 
and February 25-26 of the previous figure. Additional cases 
where such marked changes occur are also shown. It will be seen 
that similar effects exist on the lower frequency of 17 kc. All of 
these examples are for days of other than maximum magnetic 
disturbance. In general the effect is to reduce greatly the night- 
time values and slightly increase the daylight values. The higher 
peaks in the daylight field strength of Figure 11 are due to the 
high daylight values which prevail at the time of these disturb- 


ances. 
Transmission from Rocky Point L.I.(WQL) to New Southgate Eng. 
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FigunE 13—Effect of Solar Disturbances on Radio Transmission. 

Line Represents More or Less Normal Transmission Week End Before Dis- 

turbance Occurred. Light Line Represents Abnormal Transmission on 
Following Week End After Disturbance Began But Still in Progress 


Мо1вЕ STRENGTH 
Next to field strength the most important factor in determin- 
ing the communication possibilities of a radio channel is that of 
the interfering noise. The extent to which noise is subject to 
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diurnal and seasonal vatiations is, therefore, of first order of 
importance. 

DIURNAL VARIATION—An example of the diurnal character- 
istic of the noise for both ends of the trans-Atlantic path is given 
in Figure 14. One curve is shown for each of the several fre- 
quencies measured. The outstanding points to be observed are: 
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Ғісене 14—Diurnal Variation in Noise 


1. The rise of the static noise about the time of sunset at the 
receiving station, the high values prevailing at night, and the 
rather sharp decreases accompanying sunrise. The curve for 
15 ke. shows the existence of high values also in the afternoon 
period. During the summer months high afternoon values 
are usual for all frequencies in this range. They extend later into 
the Fall for the lower frequencies, and hence are in evidence on 
the dates on which these measurements were taken, October- 
November. 

2. In general, the noise is greater the lower the frequency. 

Хоіве AS А FUNCTION OF FREQUENCY AND OF RECEIVING 
LocaTION— The distribution of static noise in the frequency 
range under consideration is depicted in Figure 15 for the case 
of reception at New Southgate, England. The set of full-line 
curves is for daylight reception and the set of dash-line curves 
for night-time reception. The values obtaining during the trans- 
ition period between day and night have been excluded. For 
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both conditions three curves are shown, one the average of the 
summer months, another the average of winter months and the 
third, the heavy line, the average for the entire year. The curves 
represent averages for all of the measurements taken during both 
1923 and 1924. In considering curves of this type it should be 
remembered that they represent an average of а wide range of 
conditions and at any one time the distribution of static may 
differ widely from that indicated by the curves. Also it should 
be realized that the extreme difference between winter and sum- 
mer static is much greater than the difference between the 


averages. 
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Figure 15—Frequency Distribution of Noise., New Southgate. Eng- 
land. Night-time— — — — —. Davtime——-————. 1923-—1924 


А similar study of frequency distribution was made at two 
locations in the United States, Belfast and Riverhead. The 
results obtained at these two locations, together with those for 
New Southgate, England, are presented in Figure 16 for a period 


TRANSATLANTIC RADIO TELEPHONE 27 


during which data were obtained for all three places. Тһе simil- 
arity of the three sets of curves shows that there is an underlying 
cause common to both sides of the Atlantic which may account 
for the difference between the daytime and night-time static on 
thelonger waves. It will be evident from the curves that for fre- 
quencies around 20 kc. there is not very much difference between 
the day and night static noise, but that at the higher frequencies 
in the range studied, the daylight values become considerably 
less than the night-time values. Actually the divergence be- 
tween the night-time and the daytime noise curves, up to about 
40 ke., is an exponential one. This suggests that the lowering 
of the daylight values may be largely due to the higher absorp- 
tion which occurs in the transmission medium during the day. 
There is a further interesting point to be noted concerning both 
figures, namely, that the night-time values decrease exponen- 
tially with increase in frequency. Since these night-time values 
are but little affected by absorption in the transmitting medium, 
the distribution of the static energy as received, also roughly 
represents the distribution of the static power generated. 

The curves of Figure 16 show also the substantial difference 
in the noise levels which exists at the three receiving points. The 
New Southgate curve indicates, as has been experienced in prac- 
tice, that England is less subject to interference than northeastern 
United States. In the United States the superiority of Belfast 
over Riverhead is also consistent with the better receiving results 
which in general have been experienced in Maine. There should 
be noted also the fact that the curves for these three locations 
lie one above the other in the inverse order of the latitudes. This 
is in keeping with other evidence which points towards the tropi- 
cal belt as being a general center of static disturbance on the 
longer wave lengths. Further evidence on this point is presented 
below in connection with the seasonal variations of noise. 

SEASONAL VARIATION—Curves showing the diurnal variation 
in noise level for each month of the year as well as the variations 
of sunset and of sunrise are shown in Figure 17. Each curve is 
the average of all the measurements taken during that particular 
month in 1923 and 1924. The diurnal variations are generally 
similar for the different months in respect to the high night-time 
values which are limited to the period between the times of sun- 
set and sunrise in England. There is a certain deviation, how- 
ever, which it is well to point out. During the summer months 
the rise in night-time static starts several hours before and reaches 
high values at about sunset in England, whereas in the winter- 


2% ESPENSCHIED, ANDERSON AND BAILEY 


NOISE LEVEL jj M WARBLER METHOD 


FREQUENCY-KILOCYCLES 


Ғістне 16—Frequency Distribution of Noise. New Southgate, 


England, Belfast, Maine, Riverhead, L. I. Night-time — — —. Day- 
time———————————. August-December, 1924 


time, the night-time static begins to rise at about sunset and 
reaches high values several hours later. А similar effect is 
observed for the sunrise condition wherein the reduction of static 
sets in during the summer months about the time of sunrise, 
reaches low daylight values several hours later, and in the winter 
the reduction commences several hours before sunrise and reaches 
low daylight values at sunrise. In other words, the rise to high 
night-time values occurs earlier with respect to sunset in the sum- 
mer than in the winter, and conversely the fall from high night- 
time static to the lower daylight values oecurs later with respect 
to sunrise in the summer than in the winter. 

This is more definitely brought out in Figure 18, which com- 
bines the data for all frequencies measured. The dash lines asso- 
ciated with the sunset curves delineate the beginning and the 
attainment of the night-time increases, and those associated with 
the sunrise curve delineate the beginning and the attainment of 
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Еіссве 17—Monthly Averages of Diurnal Variation in Noise. 57,000 Cycles. 
New Southgate, England 
1928—1924 
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the low daylight values. "This discloses the fact that sunset and 
sunrise at the receiving point does not completely control the 
rise and fall of the high night-time static. It has been found that 
the discrepancy ean be aecounted for 1f sunrise and sunset are 
taken with respect to a static transmission path as distinguished 
from the receiving point alone, and if the assumption is made 
that the effect of sunlight upon the static transmission path is 
similar to that on usual radio transinission. 
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Figure 18—Seasonal Variation in Distribution of Daytime and 
Night-time Noise with Respect to Sunset and Sunrise. New South- 
gate, England 
1923—1924 
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Major REGIONAL Source оғ Sratic NoiskE--A broader 
conception as to the causes underlying the diurnal and seasonal 
variations is obtained by considering the time of sunset and 
sunrise over a considerable area of the earth’s surface. Figure 
_ 19 shows a series of day and night conditions for three repre- 
sentative parts of the January diurnal noise characteristic at 
England. It will be seen that the rise to high night values does 
not begin until practically the time of sunset in England with over 
half of Africa still in daylight. By the time the high night-time 
values are reached, as indicated in the second phase, darkness 
has pervaded all of the equatorial belt to the south of England. 
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Incidentally at this time sunset occurs between the United States 
and England, resulting in very poor signal transmission. The 
third phase of this series shows the noise having just reached the 
low daytime value and, altho the sun is just rising in England, 
the African equatorial belt is in sunlight, subjecting the static 
transmission path to high daylight atenuation. 


Figure 19—January Noise. a. Sunset Conditions as Night-time 

Noise Begins to Increase. b. Sunset Conditions When Noise Has 

Reached High Night-time Values. c. Sunrise Conditions When Noise 
Has Reached Normal Low Values 


The sunset conditions which existed for the afternoon and 
evening of the day upon which the diurnal measurements of 
Figure 14 were taken are shown in Figure 20. The hourly posi- 
tions of the sunset line are shown in relation to the evening rise 
of static in London. The coincidence between the arrival of 
sunset in London and the start of the high night-time noise on 
the higher frequencies is evident. By the time the high night- 
time values are reached, about 7 o'clock G. M. T., the equatorial 
belt to the south of London is in darkness. 

Figure 21 shows the sunrise conditions in relation to the de- 
crease in static from the high night-time values to the lower day- 
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light values. The decline starts about 5 or 6 o'clock, an hour or 
two before sunrise, and is not completed until several hours later, 
at which time davlight has extended over practically the entire 
tropical belt to the south of England which corresponds in general 
to equatorial Africa, 

Another faet, presented in the previous figures, which appears 
to be significant in shedding light upon the source of static, is 
that noise on the lower fre quencies rises e: агпег їп the afternoon 
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FiGURE 21— Relation of Sunrise Shadow Wall to Noise at New Southgate 
England 
October 28-29, 1923 


and persists later into the.morning than does the noise on the 
higher frequencies. This could be accounted for on the basis 
that the limits of the area from which the received longer wave 
static originates extend farther along the equatorial zone than 
they do for the higher frequencies. 

The inclination of the shadow line on the earth's surface, 
which is indicated in the previous figure for October 28, shifts 
to а maximum at the winter solstice, recedes to a vertical posi- 
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tion at the equinox and then inclines in the opposite direction. 
These several positions are illustrated in Figure 22. The set of 
three full lines to the right shows the position which the sunset 
shadow line assumes upon the earth's surface for each of three 
seasons—winter solstice, equinox, and summer solstice. Like- 
wise, the dash-line curves show the position assumed by the sun- 
rise line for the corresponding seasons. The particular time of 
day for which each of the sunset curves is taken, is that at which 
the static in London begins to increase to large night values. 
In winter, this occurs about sunset, at the equinox about one 
hour earlier, and in summer about two hours earlier, as illustrated 
in Figure 18. Correspondingly, the time for which each of the 
sunrise curves Is taken, is that at which the high night-time 
values ‘have reached the lower daylight values. From Figure 
18 it will be evident that this occurs during the winter at about 
sunrise, at the equinox about an hour later, and during the sum- 


mer some two hours later. 
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Гтлегнк 22—Position of Sunset Lines at Sunset Dip and Sunrise Lines at 
Sunrise Dip in Noise Level in England for Various Seasons 


It will be observed that the two sets of curves, one for sunset 
and the other for sunrise, intersect at approximately the same 
latitude, the sunset curves southeast and the sunrise curves 
southwest of England. If it is assumed that the effect of the 
shadow wall upon the transmission of statie is similar to that 
upon signal transmission across the Atlantic, namely, the high 
night-time values commence when the shadow wall is approxi- 
mately half-way between the terminals, the crossing of the lines 
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upon the chart may be taken as having significance in roughly 
determining the limits of the tropical area from whieh the major 
static originates. The crossing of the sunset lines indicates that 
the eastern limit of the area which contributes most of the static 
to England is equatorial East Africa. The crossing of the sun- 
rise lines indicates that the corresponding western limit is some- 
where in the South Atlantic, between Africa and South America. 
In other words, from these data the indications are that there 1s 
a more or less distinct center of gravity of static, which extends 
along the tropical belt, and that most of the long-wave static 
which affects reception in England comes from the equatorial 
region to the south of England, namely, equatorial Africa. This 
is exclusive of the high afternoon static prevailing during the 
Summer months. . 

The data obtained in the United States indicate that generally 
similar conditions exist there as to the relation between sunset 
and sunrise path and the major rise and fall of static. This rela- 
tionship is shown in Figure 23, which shows in the upper half 
the course of the night-time belt as it proceeds from Europe to 
America and the corresponding rise in the static noise. The 
noise curves are the same as those shown in Figure 14 for recep- 
tion at Belfast, Maine. The rise commences about one hour be- 
fore and continues for one hour or so after sundown. This is for 
the fall season of the year. A similar chart for the sunrise con- 
ditions is given in Figure 24. Altho high night-time values 
started to fall off some five hours before sundown in Belfast, the 
more rapid drop was within two hours in advance. While these 
curves are for but a single day, they are fairly representative of 
the average of a greater amount of data. The change in the 
inclination of the sunset-sunrise curves with the season of the 
vear effects changes for American reception somewhat similar 
to those shown for reception in England, except that for the sum- 
mer months the coincidence is less definite. It may be that this 
is because of the somewhat lower latitude of the United States 
terminal and of the reception of a greater proportion of the static 
from the North American continent. 

In general, therefore, the American results accord with those 
obtained in England in indicating quite definitely that a large 
proportion of the static received on the longer waves is of tropical 
origin. 


SIGNAL-TO-NOISE RATIO 
It is, of course, the ratio of the signal-to-noise strength which 
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Ficrre 23—Relation of Sunset Shadow Wall to Noise at Belfast, Maine, U.S. 
October 30-November 1, 1924 


determines the communication merit of a radio transmission 
channel. 

VARIATION WITH FREQUENCY—Comparison of the signal-to- 
noise ratio for the two extreme frequencies measured, for rep- 


resentative summer and winter months, is given in Figure 25. 
same station, 


Both of these transmissions were effected from the s 
Comparison 


Rocky Point, and similar antennas were employed. 
is made of the over-all transmission by correcting the values of 
the two curves to the same antenna power input, the power of 
both channels being scaled down to 68 kilowatts, the power 
used in the telephone channel during the early parts of the expert- 
ment. "This chart shows clearly the greater stability in signal- 
to-noise ratio obtainable on the lower frequeney channel. While 
for certain periods of the day the higher frequency gives a much 
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FIGURE 241— Relation of Sunrise Shadow Wall to Noise at Belfast, Maine, U. S- 
October 30,—November 1, 1924 | 


better ratio, it is subject to a much more severe sunset decline 
than is the lower frequency. During the summer time, afternoon 
reception in England is better on the higher frequency channel. 
This is because of the considerably greater static experienced at 
this time on the lower frequency. The higher signal-to-noise 
ratio prevailing during the winter month of January as compared 
with the summer month of July is evident. This is due prim- 
arily to higher summer static. | 
SEASONAL VARIATION IN ENGLAND AND UNITED STATES— 
For the 57-kilocycle channel there is shown for each month of the 
year in Figure 26 signal-to-noise ratios of two years’ data. These 
show а distinct dip corresponding to the sunset dip of the signal 
field strength. The night-time values are generally high in ac- 
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cordance with the high night-time signal strength, but the maxi- 
mum values are shifted toward the time of sunrise. This is 
due to the fact that the noise rises earlier in the afternoon and 
declines earlier in the morning than do the corresponding varia- 


tions In signal strength. 
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Figure 25—Variation of Signal-to-Noise Ratio with Frequency. 
to Same Antenna Input Power (68.5 kw.) in Rocky Point Antenna. Reception 
at New Southgate, England 


Figure 27 presents the signal-to-noise ratios for such data as 
ave thus far been obtained upon transmission from England 
to the United States on a frequency of 52 kiloeyecles. The low 
values obtained about sunset are, of course, due to the evening 
dip in field strength. In general, the night-time ratios do not 
reach such high values as do those for England because the early 
morning signal field strength begins to fall off while the noise 
level is still high. Comparison of the signal-to-noise ratios 
obtained at New Southgate and at Belfast show that the Belfast 
values are somewhat higher for that part of the day whieh cor- 
responds to forenoon in the United States and afternoon in 
This is because the forenoon static in the United 


England. 
States Is lower than the afternoon statie in England. 


Directive RECEIVING ANTENNAS 
The picture which has been given of the transmission of static 
northward from the tropical belt. suggests that the signal-to- 


TRANSATLANTIC RADIO TELEPHONE 39 
с СМА, NOISE 
M 


ali 


1000 


| 73 I | 
{ | 
GMT 012348678801912348678 DON 
NCON MIO NGOP 
EST 7 9 N ! 3 5 7 9 nm 1 3 5 ? 
NCON MID 


FiccRE 26—Monthly Average of Diurnal Variation in Signal-to-Noise Ratio. 
Rocky Point, L. I. (2XS) Received at New Southgate, England, 20.8 kw. 
radiated. 5,480 km. 57,000 Cycles. 1923-1924 
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noise ratio might be materially improved by the use of directional 
receiving systems This is, of course, what has actually been 
found to be the ease in commercial trans-Atlantic radio telegraphy 
wherein the Radio Corporation of America has made such 
effective use of the wave antenna devised Бу Beverage. The 
expectations are confirmed by measurements which have been 
made in the present experiments using such wave antennas. 

А year and a half ago the British Post Office established a 
wave antenna with which to receive from the Rocky Point radio 
telephone transmitter. More recently a program of consistent 
observations in directional reception of east-to-west trans- 
mission was also undertaken: in. which. were employed wave 
antennas built by the Radio Corporation of America for radio 
telegraph operation upon lower frequencies. 

An indication of the improvement which the wave antenna 
gives In signal-to-noise ratio is had by reference to Figure 28. The 
«et of curves to the right is for reception at Chedzoy, England, 
and those at the left for reception at Belfast and Riverhead in 
the United States. The improvement is measured in terms of the 
signal-to-noise ratio obtained on the wave antenna, divided by 
the signal-to-noise ratio measured on the loop. For the particular 
days and frequency indicated, the improvement in England will 
be seen to vary over a considerable range, averaging about 5. 
Data for reception in England are for 1924, while those for the 
United States are for the corresponding period of 1925. "The 
United States results will be seen to be generally similar to those 
obtained in England. Altho these experiments are still in an 
сапу stage, the results do give a measure of the order of improve- 
ment which can be expected. 

Техт оғ Woups UxpEnsTOODp—Perhaps the most convincing 
measure of the efficiency of directional receiving systems for 
trans-Atlantic transmission is the improvement effected in the 
reception of intelligible words. Figure 29 shows the improve- 
ment which the wave antenna in England has made in the ability 
to reeelve certain test words spoken from Rocky Point. For this 
purpose there was transmitted from Rocky Point a list of dis- 
connected words, A record was made at Chedzoy. of the per- 
centage of the words understood for reception on the loop and 
on the wave antenna. This constitutes a convenient method of 
rough telephone testing. It will be appreciated, however, that 
it would be possible to understand a greater proportion of a con- 
versation than is represented by these results. The curves show 
that it was possible to receive, for example, 80 percent of the 
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Біссне 28—Improvement in Signal-Noise Ratio of Wave Antenna Over Loop 
Reception 


words for but 9 of the 24 hours on the loop, whereas with the 
wave antenna, reception continued for 18 hours. 
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теске 29—Comparison of Reception on Wave Antenna 
and Loop Percent of Words Understood. Reception of 
Rocky Point. (2NS) at Chedzoy, England, March, 1924 


CoxCLUSIONS: This paper gives analyses of observations of 
long-wave transmission across the Atlantic over a period of about 
two vears. The principal conclusions which the data seem to 
justify are as follows: 

1. Solar radiation is the controlling factor in determining the 
diurnal and seasonal variations in signal field. Transmission 
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from east to west and west to east exhibit similar characteristics 

2. Transmission in the region bordering on the division 
between the illuminated and the darkened hemispheres is char- 
acterized by increased attenuation. This manifests itself in the 
sunset and sunrise dips, the decrease in the persistence of high 
night-time values in summer, and the decrease in daylight values 
during the winter. 

3. Definite correlation has been found between abnormal 
radio transmission and disturbances in the earth’s magnetic field. 
The effect is to decrease greatly the night-time field strength and 
to increase slightly the daylight values. 

4. The limit of the high night-time value of signal field 
strength for trans-Atlantic distance is essentially that given by 
the Inverse Distance Law. The normal daylight field strengths 
obtained in these tests can be approximated by а formula of the 
same form as those earlier proposed but with somewhat different 
constants. 

5 The major source of long-wave static, as received in both 
England and the United States, is indicated to be of tropical 
origin. 

6. In general, the statie noise is lower at the higher fre- 
quencies. At night the decrease with increase in frequency is 
exponential. In daytime the decrease with increase in frequency 
is linear in range of 15 to 40 kilocycles. The difference between 
day and night static is, therefore, apparently due largely to day- 
light attenuation. ; 

7. The effect of the static noise in interfering with signal 
transmission, as shown by the diurnal variations in the signal- 
to-noise ratio, is found to be generally similar on both sides of 
the Atlantic. 

8. Experiments in both the United States and England with 
directional receiving antennas of the wave antenna type show 
an average inrprovement in the signal-to-static ratio of about 
5 as compared with loop reception. 


SUMMARY: The paper reports upon measurements of trans-Atlantic radio 
transmission which had been made during the past two years in a study of the 
possibilities of trans-Atlantic radio telephony. These measurements cover 
several different frequencies in the range below 60 kilocycles in both directions 
across the Atlantic and represent probably the most comprehensive study yet 
made of any transmission path. Ап earlier paper described the special high- 
power radio telephone system and the measurement methods employed in the 
tests, and gave certain preliminary measurement results. 

The relation which exists between the diurnal and seasonal variations of 
signal field and the exposure of the transmission path to sunlight is shown. 
The conformity of the measured results to the values determined by formulas 
is indicated. Interesting correlation is shown between abnormal radio trans- 
mission and magnetic storms. ° 
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The diurnal and seasonal characteristics of noise are shown to be generally 
similar to those of signal strength and indicate the noise to be of tropical 
origin. Тһе average frequency distribution of static is shown for various 
receiving stations. 

Signal-to-noise ratios are shown for both England and United States for 
transmission on 50 odd kilocycles, together with the improvement afforded 
by a directional receiving system of the wave-antenna type. 
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SOMESTUDIES IN RADIO BROADCAST TRANSMISSION 


Br 
Блірн Bown, DEeLoss К. MARTIN AND RALPH К. POTTER 


DEPARTMENT OF DEVELOPMENT AND RESEARCH, AMERICAN TELEPHONE 
AND TELEGRAPH COMPANY 


One of the things which must be given increasing attention, 
if the technique of radio telephone broadcasting is to consolidate 
and continue its remarkable progress, is the mechanism of the 
transmission of radio signals through space. In many receiving 
situations the largest apparent defects present in the reproduced 
signal are those suffered not in the terminal apparatus but in 
transit through space, and in these cases better methods of utiliz- 
ing the transmitting medium must precede any major better- 
ment in overall results. In the present paper we are reporting 
some investigations in this field of radio transmission which have 
uncovered a number of interesting facts and have led to at least 
one conclusion which is of practical utility. 

Nighttime transmission, which is the usual case in broad- 
casting, is in many places commonly marred by fading and some- 
times by actual distortion of signals. Often these occur in cer- 
tain areas not more distant from the transmitting station than 
other areas which enjoy freedom from such annoyance. Select- 
ing a particular instance of these difficulties in an area near New 
York City which, in so far as can be judged at present, is probably 
a typical instance, we have subjected it to an intensive experi- 
mental study to determine what is the inherent nature of the 
troubles and if possible how thay may be alleviated. In doing 
this it has been necessary to employ novel forms of tests espe- 
cially fitted to bring out in a concrete way the phenomena being 
investigated. 

To provide a suitable background for the subject we have 
started our discussion below with a brief recital of some of the 
things which а transmission medium is called upon to do. Fol- 
lowing this we have described our tests, pointing out in what 
ways the existing media seem to fall short of doing these things 
and offering certain speculations as to the reasons for the short- 
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comings. In conclusion, we have analyzed some practical prob- 
lems in the light of this work. 


FUNDAMENTAL CONSIDERATIONS 


As the radio art has progressed from spark telegraphy into 
continuous wave telegraphy and into high quality radio tele- 
phone broadcasting, increasing demands have been made on the 
transmission medium to deliver at the receiving point a true 
sample of what was put into it at the transmitting station. The 
requirements have grown in rigor because in telegraphy the end 
has been to develop increased reliability of communication at 
longer ranges and in telephony the medium is called upon to 
transmit а highly complex form of intelligence. 

Of the requirements placed on the transmission medium by 
modern uses, those imposed by telephony are far more exacting 
than those for telegraphy. In telegraphy a single frequency, or 
at most & narrow band of frequencies sent out intermittently in 
accordance with a dot and dash code must reach the receiving 
station in such shape that it may be converted into audible sound 
for aural interpretation or into current pulses for the operation 
of relays or recording instruments. Leaving aside noise, the 
principal requirement is а sufficient freedom from fading so that 
signals can be interpreted or recorded without interruption. In 
radio telephony, as at present practiced in broadcasting, there 
is transmitted a modulated high-frequency wave comprising a 
relatively wide band of frequencies, usually at least 10 kilo- 
cycles. Such a modulated high-frequency wave drawn out in 
the familiar graphical representation is a comparatively simple- 
looking thing, but analyzed into its elements and studied in de- 
tail it is revealed as being an intricate fabric of elemental waves 
so interwoven with each other that no one of them can be disturbed 
without changing in some degree the complexion of the whole. For 
perfect. results the whole band must arrive at the receiver with an 
amplitude continuously proportional to that leaving the trans- 
mitter, or the inflections or expression of the speech or music will 
not be correctly reproduced. All the component frequencies 
within the band must be unchanged in their relative amplitudes 
lest the character of the sounds be altered. Even the relative phase 
relations of the various frequencies must be preserved or, as will 
be shown later, the interaction of the two side bands in the re- 
ceiving detector will result in the partial loss of some of the fre- 
quency components. 

It is not long since the time when radio was supposed to be the 
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perfect medium for voice transmission, it being presumed that 
since the ether of space (if there be such а thing) was substan- 
tially perfect in its electrical characteristics it must transmit fre- 
quency bands carrying telephone channels without distortion 
of any kind. This may be true theoretically of a pure ether, but 
in fact, the ether used for radio communication is filled with а 
number of things ranging from gaseous 100$ down to the solid 
bed rock of the earth. It is rather to be expected that these will 
affect the progress of electromagnetic waves, and we know from 
experience that they do. Diurnal variations of attenuation, fad- 
ing, directional changes, dead spots and the like are already well- 
known phenomena, resulting from the complexity of our trans- 
mission media, although no entirely adequate explanations of 
their causes have been certainly established. One of the most 
recent manifestations of the effects of irregularities in transmis- 
sion through space is in the distortion of the quality of telephone 
signals. This was perhaps first noticed in the use of short waves 
for broadcasting, it being found that frequently the transmission 
was so distorted that after detection the signals such as speech 
and music were in severe cases almost unrecognizable. 


PRELIMINARY INVESTIGATIONS 


For some time after quality distortion was recognized as a 
characteristic of existing short wave transmissions, it was thought 
that for the lower broadcasting frequencies, at least, it was pres- 
ent only at night and at relatively very great distances from the 
transmitter. However, careful observations demonstrated that 
there were points relatively near New York City where quality 
distortion from several broadcasting stations in the city was 
marked at night, and in at least one case was detectable even in 
daytime. When the station 2XB, the Bell Telephone Labora- 
tories’ experimental station at 463 West Street, New York City, 
was used to transmit test signals, it was found that quality dis- 
tortion could be observed in northern Westchester county and 
in southern Connecticut at distances of about 30 to 50 miles from 
the transmitter. Fading was also pronounced, and it was noted 
as a significant fact that distortion was always accompanied by 
some fading although the reverse was not consistently true. In 
the course of these trials it was noticed that at a particular point 
near New Canaan, Connecticut, signals from 2XB were much 
weaker and more distorted than signals from 2X Y, the experi- 
mental station of the American Telephone and Telegraph Com- 
pany at 24 Walker Street, New York, even though the transmitter 
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at 2XB was about ten times more powerful. Daylight field 
strength measurements at this point showed that the field 
strength of 2XB was only one-third that of 2X Y. This led to the 
rather startling conclusion that there is & ratio of 100 to 1 in the. 
power efficiency of transmission to that particular receiving point 
from these two transmitting stations in New York which are 
only about one mile apart. 

In order to throw some light on this state of affairs, a field 
strength survey was made by G. D. Gillett which resulted in the 
field strength contour map! here reproduced in Figure 1. The 


FiGunE 1—Radio Contour Map Showing Wave Interference Pattern 


1 This map was prepared by Mr. Gillett using the methods discussed in а 

aper ‘‘Distribution of Radio Waves from Broadcasting Stations Over City 

Districts,” bv Ralph Bown and С. D. Gillett, PRockEDINGs or Tue ІМаті- 
TUTE OF RADIO. ENGINEERS, volume 12, number 4, page 395, August, 1924. 
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contours on this map show that there is a series of long nearly 
parallel hills and valleys of field strength which, extrapolated,, 
would converge in lower Manhattan and which extend out to the 
northeast as far as 1 was thought worth while to follow them. 
There has occurred to us no better explanation of this hitherto 
unchartered form of field strength distribution than that it Is а. 
gigantic wave interference pattern. А detailed discussion of 
this theory is given in another section of this paper. 

The fixed pattern shown by Figure 1 is definitely present only 
in the daytime, but that it is fixed is attested by the fact that a 
second survey made about a year later checks with the original 
one quite closely. At night fading is pronounced in the area 
covered by the pattern and it is apparent that some other factors 
must enter. Аз а result of an endeavor to check up the pattern 
at night it was discovered that quality distortion was, ш general, 
most evident at places which were, by day, in the valleys of the 
field strength diagram, and a point in one of these valleys near 
Stamford, Connecticut, was selected for the establishment of a 
temporary field test station. The interior of this station, which 
was in the empty hay-mow of a barn, is illustrated by the photo- 
graph, Figure 2. At this place apparatus was set up to enable a 
study of the nature of the distortion in signals from 2XB. Many 
of the records discussed in succeeding paragraphs were taken at 
this Stamford field station. Others were taken near Riverhead, 
Long Island, which was also found to be well located for such 
work. Figure 3 is an outline map showing the relative positions 
of these field receiving stations and the transmitting station. 

The reason for settling down at a fixed point in this way was 
to attack the problem from a new angle. The field strength, sur- 
vey and aural observations had yielded much interesting infor- 
mation, but did not appear at that time to shed а gread deal of 
light on the quality distortion, so it was decided to attempt, by 
an oscillographic study of received signals sent out under rigor- 
ously controlled conditions, to determine just what alterations 
these signals suffered in their journey through space. | 

In finding such distortions the ear is, of course, the primary 
testing instrument or indicator of trouble, for, if the trained ear 
is unable to detect anything wrong with a received signal in com- 
parison with its original counterpart it is safe to say that nothing 
detrimental of importance has happened to it. But the ear is a 
poor quantitative indicator and furnishes no permanent or easily 
analyzed record of its observations. It is evident that if we are 
to study quantitatively the characteristies of radio transmission 
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which give rise to quality distortion, we must devise tests which 
will disclose changes, of whatever kind, in the relations between 
the various component frequencies of the transmitted band and 
furnish interpretable permanent records. In fact, in the studies 
described herein, a considerable portion of the job was to devise 
or perfect suitable methods of attack. 
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FiGvnE 2—Interior View of Test Station Near Stamford, Conn. 
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SINGLE, DoUBLE, AND TRIPLE FREQUENCY TEsTS 


The variable factors in radio transmission which may be 
directly controlled are located at the transmitter and receiver. 
We have as yet no tangible means of controlling the transmitting 
medium, but it can be studied indirectly through the character- 
istics of the received signals. Obviously, it is desirable in the 
interest of simplicity to stabilize the apparatus variables to the 
extent that they may be idealized in considering observed results. 
Furthermore, at both the transmitter and receiver, it is desirable 
to make the antenna arrangements of the simplest form. For 
our work the normal antenna arrangement at station 2XB was 
used perforce, since any important changes would have consti- 
tuted à major operation. It is far from a simple arrangement, as 
shown in Figure 4, which is an outline elevation and plan of the 
antenna and building at 463 West Street, New York City. For- 
tunately there are no buildings considerably higher than the 
antenna within a distance of several wave lengths. 


West. Reeve 


Figure 4—Plan—Elevation of the Transmitting Antenna 
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At the receiving test stations both loop and vertical antenna 
were used; but in most of the experiments a simple vertical an- 
tenna was employed. It was constructed of brass tubing, 30 
feet long, and guyed in a vertical position. A galvanized iron 
pipe 12 feet long was driven in the earth for a ground connection. 
The vertical receiving antenna projected through the roof of the 
test station building at Riverhead, L. I., as shown in Figure 5. 
The receiving antenna was not tuned, but was connected to the 
radio receiver through fixed inductive coupling. 


FiGvRE 5 -Receiving Test Station Near Riverhead, L. I., Showing Vertical 
Antenna Projecting Through Roof of Building | 


The carrier power in the transmitting antenna normally re- 
mains fairly constant, exeept for minor variations in voltage of 
the supply mains, and with a little саге on the part of operating 
personnel, the antenna current ean be kept within the limits of 
а 1 per cent. variation, which is small compared with the signal 
fading usually experienced. 

The stabilization of the frequency was of the greatest im- 
portance since in some of the tests it was desired to beat or 
heterodyne the signals down to audio frequencies and pass them 
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through narrow band filters. То provide this stability engineers 
of the Bell Telephone Laboratories arranged the 5-kw. trans- 
mitter at station 2XB to obtain its carrier frequency by amplifi- 
cation of the output of а 610-kc. piezo-electric crystal oscillator. 

When desired, some of the antenna current from the output 
of the transmitter was rectified and the resulting current was 
sent over a telephone line to the receiving station so that the fre- 
quency and wave form of the modulating signal could be seen 
and photographed at that point, thus guarding against any pos- 
sible distortion in the transmitter and enabling a direct ''before 
and after" comparison to be made. "The telephone circuit was 
also used for communication between engineers at the two term- 
inal stations. | 

At the receiving station double detection receivers and audio 
frequency amplifiers were employed. These did not have 
entirely "flat" transmission characteristics over the audio fre- 
quency band, but in most of the tests this was of no importance. 
In cases where it affected the results, the making of necessary 
corrections was a simple matter. In tests involving beating the 
received signals down to audio frequencies through the agency 
of a local heterodyning frequency, this was supplied from a 
shielded vacuum tube oscillator which on comparison with a 
standardized piezo-electric oscillator was found to possess the 
required stability. Тһе double detection type receivers were 
used for no other reasons than their availability and their con- 
venience for quantitative work. The beating down oscillator 
within the sets and the intermediate frequency step passed 
through in the sets by received signals do not figure in the follow- 
ing discussion of test methods, but, of course, in each case the 
necessary set tuning adjustments were made. To avoid confu-. 
sion it is well to think of these receivers as being replaced by high- 
frequency amplifiers and simple detectors since the local beating 
oscillator referred to in later pages is the separate shielded oscil- 
lator described above which is used to beat the signals down to 
audio frequencies. 

In this work the moving coil type oscillograph was used 
throughout for the purpose of making photographic signal 
records. As indicated in Figure 6, two oscillographs with elements 
connected in series were employed; one for the purpose of making 
a continuous record of the variation in the amplitude of the 
signal using a slow moving photographic paper tape and the other 
to obtain the wave shape of the signal by means of the usual high 
speed photographic film drum. Ап element of one oscillograph 
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was also used at times to record on the film drum the wave shape 
of signals rectified at the transmitting antenna and sent over the 
telephone lines. 


Oscillograph 
For Slow 
Paper Records 
Master Monitoring 
Oscillator loud Speaker Oscillograph 
Beat; for Wave Shape 
3 ng Oscillograms 
>| Oscillator 


Tone from 
Telephone Circuit 


Figure 6— Diagram of System Used for "ingle Frequency Tests 


Figure 7 is the interior view of the test station at Riverhead 
showing the general arrangement of the oscillographs and acces- 
sory apparatus. This oscillograph equipment formed about the 


КИДЕЙ Interior View of Riverhead Costing Station Showing 
Recording Apparatus 
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only fixed portion of the apparatus, other portions being changed 
from time to time for different tests. 'These arrangements will 
be described later in connection with the records which they were 
used to obtain. 

In eonsidering these various records perhaps we had best look 
first at the simpler ones and then proceed in a more or less orderly 
fashion to the more involved ones. The simplest records are 
fading records of the unmodulated carrier frequency of 610 kc. 

At the receiver the carrier was heterodyned with а local oscillator 
` to produce a beat tone of about 250 cycles, which was fed through 
amplifiers to the oscillograph elements. 

А representative sample of the form of signal records made in 
the manner described above which show the variation in the am- 
plitude of the received carrier signal with time, is given in Figure 
8. It shows a typical fading record made at Stamford, Connecti- 
cut, May 16, 1925. The timing interval on strip 6 is 2.6 seconds. 

The feed of the photographic paper tape through the oscillo- 
graph was varied somewhat during the course of the experiments, 
but was generally in the range of 6 to 12 inches a minute. At this 
rate the record of an audible frequency signal is а shadow band 
of varying width corresponding to twice the amplitude of the 
signal, as both the positive and negative half-cycles are recorded. 
It will be observed that the outer limits of the band correspond- 
ing to the peaks of the sine wave are darker than the center por- 
tion of the record. "This is due to the fact that the rate of change 
of the movement of the light spot on the record is à minimum at 
the peak of the signal; hence, а greater quantity of light affects 
these portions of the record. This shading effect was very useful 
in the way it brought out changes in the distortion of the received 
signal. This is discussed fully in another section of the paper. 
The fuzzy irregular outline on portions of the records is caused 
by static and radio noise. The timing marks on the record allow 
a measurement of the time interval between points of minimum 
signal. Figure 9 is a sample oscillogram of the wave shape of a 
beat note signal recorded by.the method described above. 

Marked changes in the fading cycle or time interval between 
points of minimum signal may occur within а period of a few 
minutes, and from day to day there is often evidenced a modifica- 
tion of the general character and the recurrence of these changes. 
An example of this change in a short period of time is well illus- 
trated by the oscillograms in Figure 10. Strips 1, 2 and 3 form 
a continuous record starting аё 1.52 А. M.; strips 4, 5 and 6 start 
at 2.16 А. М.; and strips 7, 8 and 9 start at 2.37 А. M. These 


68 BOWN, MARTIN AND POTTER 


are three sections of a continuous record selected for the purpose 
of showing the decrease in the fading period, in a 45-minute in- 
terval. The timing interval on strip 10 which applies to these 
records is 5 seconds. In this particular record only half of the 


Conn., May 16, 1924, 1.54 A. M. Timing Marks, 
t 


econds Apar 


Stamford 


6, 2.5 5 


Strip. 


on. 


E. Time 


FIGURE 8 Single-Frequency Е ading Record. Made at 
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audio signal was recorded, the edge of the strip being the zero line. 

These single frequency fading records do not offer very much 
to work on. There is, however, just enough suggestion of regu- 
larity about them to annoy one with the thought that per- 
haps thay may follow some definite combination of periodicities, 
and with this in mind we have taken sections of two different 
records and subjected them to а harmonic analysis. 


Figure 9—Wave Form of Beat Note Signal for Single-Frequency 
Test. Center Trace Signal from Vertical Antenna, Upper and Lower 
Traces Signals from Loop Antenna Receivers 


So far we have been able to draw no more useful conclusions 
from such harmonie analyses than that the heterogeneous scat- 
tering of harmonic values is about what one would expect from 
the looks of the curves. 

One significant thing about these oscillographic single fre- 
quency fading records is that they show no high speed fading of 
important magnitudes. Occasionally one cycle of the beat tone 
will be somewhat upset by a sudden change in the amplitude, but 
in general no changes which consistently distort the wave form 
were observed. 

The slow fading may be considered as a modulation, and оп 
this basis the received signal is seen to be composed-of the original 
constant carrier frequency accompanied by very narrow side 
bands occupying at best perhaps a fraction of a cycle. 

The next progressive step in the radio transmission studies is 
naturally from a single frequency to two or more frequencies 
transmitted simultaneously. By the use of two crystal oscilla- 
tors at the transmitter, two separate and distinct radio frequency 
signals were transmitted simultaneously. These crystals were 
ground by the Bell Telephone Laboratories to oscillate at 610,000 
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transmission case. Records were obtained of the variation of 
these radio signals, but ncne is reproduced here since the infor- 
mation shown by them can be just as easily obtained from the 
triple frequency records shown below. 

Radio transmission on three frequencies is readily obtained 
by modulating the carrier with an audio frequency tone, and 
observing the three frequencies separately at the receiver. 

If the modulating tone is 

sin (vt4- 9) 
and the carrier signal 
|. Asin рі, 
the transmitted signals are 


T P cos | (p4-v) t4- $] (upper side band) 
+A sin pt (carrier) 
and - cu cos [(p—v)t—4] (lower side band) 


where a is а constant proportional to the percentage modulation. 

These three frequencies are not merely а mathematical fiction, 
but are physically existent as three separate waves bound to- 
gether only at their point of origin. 

To adequately record them separately by means of the oscil- 
lograph, advantage was taken of the fact that a group of fre- 
quencles beaten with a single frequency differing from them by 
a small amount and detected may thereby be reduced to audible 
frequencies without having their interrelations of phase, ampli- 
tude or difference frequency composition, changed in any respect. 
For instance, if the frequencies expressed above are beaten with 
a local constant frequency, 


B cos (++) 


the resultant lower or difference frequencies will be 
kBA 
+ -- D cos [((pto—q) t-$ — Y] 


+k B A sin [(p—4)t— 4] 

kBA 
-= cos [(p—v—q)t-$-¥] 

Kach one of the S components has been changed in ampli- 
tude bythe same factor k B representing the efficiency of detection. 
Each one has been reduced in frequency by exactly the same 

g 


amount 2- and each has had its instantaneous phase shifted by 
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ап angle— y. Relative to each other they remain unchanged. 


In our actual case the carrier frequency 2- was 610 kc. The 


; U қ 
modulating frequency әс Was 250 cycles and the beating fre- 


7. 
2 


queney А was 608,375 Ке., so that the resulting three audio fre- 


quencies were 1,875 cycles, 1,625 cycles and 1,375 cycles. 

As indicated in Figure 11, іп order to make a record of these 
signals they are separated at the recciver by means of band filters. 
These filters and others similar in type for other modulating fre- 
quencies were designed and made by the Bell Telephone Labora- 
tories especially for this work. The band filters used for the 
purpose of selecting the carrier and side-band frequencies had a 
cutoff of 40 Transmission Units 250 cycles from. the mid-band 
frequency. 
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Figure 1H —Diagram of System Used for Three-Frequency 
Tests 


These cutoffs, together with the position in the frequency 
range of the pass bands of the filters, preclude any troubles from 
eross modulation of the radio carrier and side bands during the 
beating down process. The produets of such eross modulation 
would be frequencies which are multiples of 250 eyeles, and these 

annot pass the filters. On the other hand, the besten down fre- 
quencies will pass practically intact. since, as has been shown by 
the previously described single frequeney tests, each of the three 
frequencies received, although subjected to amplitude modula- 
tion, by fading. represents only a very narrow band of frequencies 
for which the filter pass bands were of adequate width. 

As the modulating tone was carefully calibrated to 250 5 
and the filters adjusted to transmit the frequencies specified, i 
was only necessary to transmit the carrier while adjusting d 
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receiving beating oscillator. The following procedure for this 
adjustment was found to be very successful. A local audio fre- 
quency oscillator was set to the reduced carrier frequency of 
1,625 cycles, and its output connected to a telephone receiver. 
The audio beat note from the radio signal and local beating oscil- 
lator was reproduced by a loud speaker and its frequency ad- 
justed to zero beat the 1,625-cycle tone from the telephone 
receiver. 

When this adjustment had been completed the carrier was 
modulated with the 250-cycle tone, and the side-band signals 
automatically passed through their respective filters. 

The signals from the outputs of the filters were amplified, 
and recorded separately by the three oscillograph elements. 
The sample records shown in Figure 12 are representative. 

Strips 1, 2 and 3 are taken from a long récord obtained May 
7, 1925, 3.22 A. M. The upper trace is a record of the'upper side- 
band signal, the center trace the carrier, and the lower-trace the 
lower side band. Strips 4, 5 and 6 are from a section of à similar 
type of record made May 23, 1925, 1.06 A. M., where the carrier 
was modulated with a 500-cycle tone and different filtérs were 
used. In this record the upper trace is the lower side band and 
the lower trace the upper side band. 

It will be noticed that the timing interruption appears 'only 
in the side-band signals, as the tone was interrupted before modu- 
lation took place, and that the amplitude of the carrier signal is 
not affected by the interruption of the modulating tone. 
This makes it very easy to identify the side-band signals. 
These records give an excellent graphic picture of ordinary 
radio telephone transmission, bringing out the fact that 
three truly individual frequencies are transmitted to repro- 
duce one. 

In Figure 12, strips 1, 2 and 3, the relative amplitude 
of the three signals are very nearly in proportion to the 
relative amplitudes of the signals as they existed in the 
ether at the receiving point. Before this record was made a 
transmission characteristic of the complete receiving circuit, 
including the oscillograph elements, was obtained, using a 
local transmitter with modulated carrier for the purpose of 
making the measurement. The gain of the audio amplifiers 
atthe outputs of the filters was adjusted to give substan- 
tially uniform transmission on each of the three frequencies 
eorresponding to the carrier and side bands of the radio fre- 
quency signal. 
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time the record was started, July 23, 1925, 2.06 A. M. (Eastern 
daylight saving time). 

The record in Figure 13 is of the carrier and side-band signals 
with 500-cycle modulation made at Riverhead, L. I., May 25, 


Time > 


als, Made at Riverhead, L. I. Timing Interruptions 


in Side-Band Signals, 5 Seconds Apart 


Ficure 13—Fading Record of Carrier and Side-Band Si 
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1925, 1.25 А. M. More gain was used in the side-band amplifiers 
for this record in order that the effects of fading could be brought 
out more prominentlv. In this record only half of the side-band 
signals were recorded, the zero reference line being at the edge 
of the strip. The upper trace is the upper side band, the center 
the carrier, and lower trace the lower side band. Where the 
traces of the signals overlap, a darker record is obtained. This 
record mav be confusing at first, but if strip 5 is examined where 
the amplitudes of the signals are not so large, a better picture of 
the form of the record will be obtained. 

It is obvious from these records that the carrier and side-band 
signals do not fade together as a unit. Тһе carrier may pass 
through a zero value with still considerable amplitude in the side- 
band signals, as in strips 1 and 3. In the first case, strip 1, the 
three frequencies successively fade through points of minimum 
signal in the order lower side-band, carrier and upper side-band; 
and in the second case, strip 3, the three frequencies fade through 
points of minimum signal in the reverse order. This is a definite 
indication of selective fading; that is, fading is а function of fre- 
quency as well as time. 

Ап endeavor to form an explanation of the cause of this 
selective action in fading must be largely in the nature of specu- 
lation. Furthermore, sinee our data consist in the results of 
things which have happened rather than in any first-hand infor- 
mation on the processes of the happening, the building of an ex- 
planation is a synthetic process. In general, for any given set of 
facts it is possible to synthesize a number of explanations. Bear- 
ing this philosophy in mind we have considered various theories 
in connection with our observations and have concluded that 
simple wave interference as a major cause of the signal variations 
is at present the most likely explanation. While wave interfer- 
ence may be called a major cause it should perhaps also be called 
& secondary cause, since the assumption of wave interference pre- 
supposes for its origin, primary causation by some physical state 
or configuration of the transmission medium. Speculation as to 
the nature of this primary cause is one stage further removed 
from the data contained in our oscillographic records than is the 
assumption of wave interference. 

Since it is desirable in the remainder of this discussion tó 
point out the evidences of wave interference,let us consider briefly 
the nature of this phenomenon. 

To avoid any possible eonfusion of terms, let it be said that 
by "wave interference" we mean a particular physical phenome- 
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non in wave transmission and have no reference whatever to 
static, signals from other stations, or any other of the forms of. 
radio noise which are commonly designated by the word ‘‘inter- 
ference” when they hinder the reception of desired signals. 

When two single frequency plane polarized wave trains start 
out at the same time from a common source and travel by differ- 
ent routes to meet again at a distant point, the nature of dis- 
turbance at that point is determined Бу the relative space phases 
of the planes of polarization and time phases of the amplitude of 
the two arriving waves. 

If we let E represent the vertical resultant of the electric field, 
which would be the only part affecting a simple vertical antenna, 
such as we have used in most of our tests, then 


E =e sin 2x (РЕНА) te. sin22 (Е t4-d;) (1) 


where F is the frequency and d; and d» are the distances along the 
respective paths measured in wave lengths and е; and е; are the 
vertical components of the two waves. These two sine terms may 
be thought of as two vectors differing in phase. 

The condition that these add giving a field 


E- (ei +6.) sn2zFt 
is that, di — 4. = (a whole number) (2) 


that 1s, the difference in length of the two paths must be an exact 
whole number of wave lengths. The condition that the two 
waves cancel each other giving a field 


—(e—e)sin2zFt 
is that, di — 0 = (a whole number) + 14 (3) 


that is, the difference in length of path must be an exact odd 
number of half wave lengths. 

Thus if the two components e; and e; are equal, the resultant 
vertical field E will go through values ranging from (е ез) down 
to zero as the path lengths change relative to each other. If the 
two waves do not have exactly the same amplitude, the minimum 
value of E will be something more than zero. 

Differenees in attenuation of the two waves and differences in 
their direction of arrival will modify the relative amplitudes of 
e and еҙ, but will not modify the time relations required for minima 
of the resultant field E unless we assume that at the time of a 
minimum neither wave has an appreciable vertical component. 
Since the consequences of such an assumption do not accord with 
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our experimental data, we have considered that it may be left 
out of account in the present discussion. 

This is obviously a picture which fits in very well with the 
simple single frequency fading records. The major maxima and 
minima occur when the conditions of equations (2) and (3) are 
met and e; and ез are nearly equal. On the other hand, it seems 
doubtful that the picture can be so simple. If we suppose two 
wave paths, why not three or more? Additional paths would add 
irregularities to the fading and it would not be necessary to 
assume as great a degree of irregularity in the changes in any one 
path. But with an increasing number of paths the various arriv- 
ing waves would tend to average to a more or less constant mean 
value, and large departures from this mean would become rare. 
The fact that the fading signal continually covers а large range 
of amplitude, with the maximum many times the minimum, 
definitely points toward there being but a very small number of 
major paths, probably not more than two. 

Considering now the question of selective fading in relation 
to wave interference, we refer back to equation (2). 

If we assume the distances to be measured in any desired units 
and call them @ and d*' our equation will still hold provided we 
divide each distance by the wave length measured in the same 


units, thus 


di! — dy! 
Mad 
-. — =a whole numberzzr; 


Ld 


rearranging this and writing р for ^ where V equals the velocity 


AN V 
Peg PS (4) 


И now we assume (dj' —d,') to be fixed, we find that F can 


of the waves, we have 


- 


have a series of values which are integral. multiples of ————р 


di! — d: 
which we may call the frequency spacing interval. That is, with 
changing frequency E will go through maximum values with fre- 
queney at a series of frequencies beginning theoretically with zero 
and extending upward in regular spacing to infinity. 

The spacing interval is obviously that number of eyeles which 
corresponds to the lowest finite frequeney in the series, namely, 
the frequency for which the distance (67 = 07) is Just one wave 
length since when r= unity, equation Ср becomes | 

Fe "ur =the spacing interval. (5) 
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By using the same process on equation (3) we find that E has 
minimum or zero values at another series of frequencies having 
the same spacing interval but lying midway between the fre- 
quencies at which maxima occur. 

Thus it is apparent that with fixed path length difference the 
amplitude of the field E will be different for different frequencies, 
ranging from maxima of (е +-е) down to minima of zero if the 
polarization planes and amplitudes of the two vertical compon- 
ents are equal. 

Furthermore, still thinking of equation (1) as representing 
two vectors, it is evident that the phase of the resultant field 
is different for different frequencies even though these different 
frequencies had exactly the same starting phase at the 
source. 

If the paths are changing with time, the field at а given point, 
as has already been pointed out, will go through time fluctua- 
tions. Another way to look at this is that there 13 а space pat- 
tern of maxima and minima, and as the paths change, the plane 
section of the pattern taken by the surface of the earth wanders 
80 that at any one point the field is continually fading in and 
out as the maxima and minima glide by it. Each frequency has 
its own pattern differing from those of its neighboring frequencies 
in such à way that at any given point the relation between ampli- 
tude and frequency is that just discussed above. Thus as the 
paths change and the patterns shift, the different frequencies fade 
not simultaneously but progressively. 

In the above analysis of wave interference it has been as- 
sumed that all frequencies traveled from transmitter to receiver 
over a given path in the same elapsed time. This does not mean 
that they necessarily follow exactly the same route on this path, 
since they might follow somewhat different routes of equal length 
or if their transmission velocities were different, they might follow 
different routes of unequal length and still come within the defini- 
tion of a “path.” It seems reasonable to assume that over the 
width of an ordinary transmitted band the various frequencies 
are treated alike by the medium, and the simple assumption that 
they follow the same route with the same velocity is justified. 
If none of these assumptions is correct, but the departure is not 
large, the effect will be merely to introduce slight irregularities into 
the spacing interval and the general nature of the result will not 
be changed. | 

Let us now examine more closely the record, а part of which 
is shown in Figure 13. А portion of this has been condensed into 
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the curves of Figure 14. Опе unit along the time axes of these 
curves represents a 25-second interval. 

To obtain these eurves the amplitude of the signal has been 
scaled off and plotted, ignoring all the minor irregularities. From 
this record the relative fading characteristics of these single fre- 
quency signals 500 cycles apart are more easily seen, and it is 
possible to contrast the time of occurrence of points of mini- 
mum signal for any pair of them. 


FiGvgE H-Plotted Curves of Signal Amplitudes Condensing a Long Fading. 
Record, Part of Which is Shown in. Figure 13. Numbers Along Time Axis 
Correspond to Successive 25 Second Timing Interruptions 


For the frequeney difference of 500 eveles (610.5 —610 and 
610—609,5) these times are obviously quite different, but there 
is no clearly discernible relation between them. The curves for 
1000-evele difference (609.5 — 610.5), however, show a striking 
relation in that the maxima and minima of the two are opposed 
fairly regularly over the entire 33-minute interval covered by the 
plot. This means that when one frequency has a minimum am- 
plitude the other has a maximum., and vice versa. Certainly this 
suggests a wave Interference involving only two major paths 
whose difference in length is such that the spacing interval is 
2.000 суйе. The path difference appears to be changing some- 
What irregularly but at an average rate of the order of one wave 
length (or approximately 500 meters) per minute, 
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Before speculating further on the numerical values which may 
be derived from this part of the data, we had perhaps best con- 
sider some other records of а somewhat different kind which are 
better adapted to provide such values. But first let us reiterate 
that these are night-time effects. 

During the day signals substantially uniform in amplitude 
are received. An example of the type of transmission obtained 
in the daytime is given in Figure 15, which is a record of the car- 
rier and side-band signals received with substantially the same 
terminal conditions with the exception of the time as that existed 
when the records shown in Figure 12 were made. 


Figure 15—Daytime Record of Carrier and Side-Band 
Signals 


The abrupt change in the amplitude of the side-band signals 
was due to an intentional change at the transmitter in the input 
level of the tone modulating the carrier, and accordingly the am- 
plitude of the carrier did not change. The timing interval is 
5 seconds. 


BAND FapDING RECORDS 


The familiar fading record is limited to two axes, amplitude 
and time. So far we have extended this cramped perspective 
somewhat by observing as many as three separate fading records 
spaced at audio frequency intervals along the frequency axis. 
Even these three narrow lookouts upon the wide range of ether 
transmission have indicated amplitude relations along the fre- 
quency axis which promise to open a new line of attack upon the ' 
problem of night-time fading. But the desirability of knowing 
what takes place in the interval unrevealed by these cracks in the 
fence becomes obvious. We should like to know the relative 
amplitude of frequencies over a wide band, and the change in 
this relation with time. 

Since it is not a simple matter to record simultaneously the 
amplitude of a large number of waves of frequencies separated 
by say one hundred cycles in the radio frequency range, a single 
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frequency in combination with a frequency stepping device at 
the transmitter has been adopted. The circuit arrangement is 
shown diagrammatically in Figure 16. "The rotary contactor 
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Figure 16—Diagram of System Used to Obtain Records of бөру 
ading or ‘‘Band Fading" Records ji 
ёг d 
bringing into the circuit successively a total of fifteen small 
condensers across the main condenser of the transmitter oscil- 
lator shifts the frequency in steps over an adjustable range. 
The contactor is rotated at the rate of nine revolutions a minute, 
which is sufficiently slow to show definite steps in the oscillo- 
graph record. At the receiving end a local oscillator supplies 
a radio frequency wave for beating the incoming frequencies 
down to values within the audible range. 
А long oscillograph record of this stepped frequency gives а 
sort of moving picture of the fading for the entire band covered. 


ссек I7. -Sample Band Fading Record 


А sample of such a record is shown in Figure 17 with alternate 
pietures in the series removed to simplify the relations, since by 
reason of the two-way traversal of the frequeney band successive 
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pictures are reversed. If a series of such built-up pictures as 
these could be taken rapidly on moving picture film, and pro- 
jected successively upon a screen we should have before us an 
animated view of band fading. And according to the results of 
experimental investigation the subject offers a lively theme for 
such a presentation. The peaks and depressions glide nervously 
back and forth across the setting. The successive pictures of 
Figure 17 (which, by the way, were selected for their half-tone 
reproduction possibilities rather than as first-class examples of 
the records taken) illustrate a rather leisurely movement of this 
sort. These ten built-up photographs cover a period of slightly 
more than one minute. In the first seven pictures a depression 
appears at the left, while in the last three this depression seems 
to have made an exit followed by the simultaneous entrance of . 
another from the opposite wing of the stage. Evidence of such 
organized spacing of the minima is present in all these night- 
time band fading records. As has already been suggested, such 
evidence has an important significance, but before going into 
this phase of the subject again let us examine a little more in 
detail the structure of these band fading records. 

The steps in any one picture of Figure 17 are, as we have 
said, snapshots of the wave amplitude for successively different 
radio frequencies taken about a quarter of a second apart. The 
fact that the fifteen snapshots used to build upasingle picture 
are not taken simultaneously causes a skewing of the outlines 
when movement of the depressions as shown in Figure 17 occurs. 
If, for example, we were to take fifteen separate and successive 
snapshots of a mountain through fifteen long vertical slits side 
by side, it would be possible to combine the narrow sections so 
as to form a true picture of the peak. Now, if by some prodi- 
gious act of nature, the mountain were shifted suddenly to one 
side and back again during the time we were taking the fifteen 
successive snapshots through the vertical slits, the combination 
of them would form a profile quite different from that obtained 
when it was stationary. Or if it were simply moved steadily 
across the field of vision during the time the snapshots were 
being taken, one slope would be made to appear precipitous while - 
the other would be leveled to a gentle grade in the finally built-up 
picture. The character of this skewing, then, and its magnitude 
depend upon the rate at which the object being photographed 
in vertical sections moves, and the direction of the movement. 

In Figure 18 is shown an imaginary night-time band-fading 
record in the *'assembled" form. Since such a record contains 
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frequency as a third dimension. in addition to amplitude and 
time as shown in the ordinary fading record, our simple 
fading curve has assumed the broader aspect of a surface, the 
selective fading making тоге or less parallel ‘‘ valleys” running 
across it. The stepped-frequency system of recording the points 
amounts to photographing sections of this solid. The important 
point to be kept in mind is that these sections are not perpen- 
dicular to the time axis. И they were, the skewing previously 
described would not be present. By setting these sections up in 
their true relation to the time axis, however, and filling in to 
produce a continuous surface such as is shown in Figure 18, the 


Figure 18—Three Dimensional Diagram, Showing the 
Method of Interpreting Band Fading Records 


result is correctly represented. In order to make a detailed and 
accurate study of the band fading records, therefore, it is desir- 
able to construct from the oscillograph sections the complete 
surface by the method suggested. 

In Figure 18 the trace of minima crossing the band is shown 
by M, M'and M". Picture sections obtained as our recording 
apparatus literally moves back and forth across this frequency 
band are shown as (a-b-c-d), (b-c-a'), (a^-b'-c'), ete. It will be 
evident that the section РІ, for example, will, in case a minimum 
is crossing rapidly, appear entirely unrelated to section P». 
When the minima run nearly parallel to the time axis (slow 
changes in transmission conditions), the successive pictures Pi, 
Pa, Ру, ete., will reveal their relation by direct comparison. 
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| Actually to obtain frequency-amplitude sections perpen- 
dicular to the time axis in Figure 18 would require the simul- 
taneous transmission and reception of a large number of frequen- 
cies spaced at short intervals along the frequency axis. A more 
practical thought is to speed up the process and though this 
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Figure 19—Plotted Curves, Condensing a Long Band Fading 
Record so as to Bring Out the Effect of Selective Fading 


seems very simple at first consideration, it will be shown later 
to involve a particular kind of distortion which cannot be separ- | 
ated out as easily as the skewing encountered by the more | 
deliberated method. | 

Now that we are familiar with the data, Figure 19 showing, 
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partially superimposed in vertical strips, the outlines of successive 
built-up pictures of the frequency traverse will be of greater 
significance. During the steady periods there appears within 
the 2,280-cycle band covered by these data approximately one 
complete cycle of selective fading. The lack of flatness in the 
audio frequency transmission characteristic of terminal appa- 
ratus has caused the suppression of amplitudes toward the right 
side of these sections. Keeping in mind also the skewing inherent 
to this system of presentation during transient periods, we are 
able to trace the movement of minima, as illustrated previously 
in Figure 17 which was taken from a different record. The 
relative position of these minima gives us an interesting insight 
into the nature of the night-time transmission path. 

From records covering frequency ranges up to 4,500 cycles 
in width, the positions of major minima along the frequency axis 
have been plotted against time as in Figure 20. The widths of 
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Figure 20--Plotted Curves which Condense а Long Band Fading Record so 
as to Bring Out the Frequency Spacing Interval of the Selective Fading 


the frequency bands covered in this ease are indicated. This 
picture is essentially a bird's-eve view of band fading records such 
as are illustrated in idealized form by Figure 18, the amplitude 


axis being perpendicular to the page. И reveals the presence of 


minima spaced at more or less definite frequency intervals, and 
suggests the presence of other depressions in regular spacing 
beyond the scope of our pictures, for when one minimum: slides 
out of sight another appears to take its place from the opposite 


side of the band. The minima traces shown in broken line were 


outside the record but were loeated by extrapolating the sections. 
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Other depressions of small amplitude appear to be super- 
imposed upon the major changes, but the present data appear 
inadequate to give reliable information concerning them. These 
minor depressionsseem most evident during periodsof rapid change. 

The presence of these major minima in regular array bears 
a marked similarity to the familiar wave interference case in 

light and fits in very nicely with the theory detailed in previous 
paragraphs. Assume for a moment the simple case of two trans- 
mission paths producing such an effect and account for the 
difference in their lengths by presuming that one path follows 
more or less closely along the surface of the earth while the other 
seeks higher altitudes and in some fashion gets back to earth at 
the receiving station. 

The mean frequency difference or spacing interval between 
successive minima for the records given in Figure 20 is approxi- 
mately 2,200 cycles. Therefore, the mean wave length difference 
in length of path from equation (5) is 277 wave lengths, or 136.5 
kilometers. 

lt is evident that the errant waves following the second path 
must have been led a devious route. While this is about all the 
information which can be deduced directly from these data it is 
interesting to speculate further with the information along the 
lines of some of the theories which have been proposed to account 
for such wave deflections. For instance, there is the Heaviside 
layer theory in which there is supposed to be а more or less well 
defined reflecting layer in the upper atmosphere. For this we 
would visualize our high altitude waves as proceeding in a straight 
line up to the layer, being reflected, and striking back to earth 
at the receiving station. 

Since the distance from transmitter to receiver was 110 kilo- 
meters the length of the secondary path was 110+ 136.5 or 246.5 
kilometers. By triangulation the height of the assumed reflecting 
layer may be determined as very nearly 110 kilometers or equal 
to the distance from transmitter to receiver, and the angle of 
incidence is 26.5 degrees. 

As yet no positive information has been acquired concerning 
the variation of difference in length of two major night-time 
transmission paths with direct distance from the transmitter. 
If the path difference is duc to reflection from an overhead layer, 
the expected relation by triangulation becomes quite simple. 
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When Ad is the difference in length of path, y is the direct dis- 
tance and A is the vertical height of the layer. 

Ап investigation of this relation would probably do much to 
prove’ or disprove the reflection theory. 

At this point it 1$ well to recall the results of earlier tests т 
which it was observed that single frequency waves separated by 
1,000 cycles faded in approximately an inverse relation also 
indicating a spacing interval of about 2,000 cycles. The agree- 
ment of these earlier records is particularly noteworthy since 
about three weeks elapsed before the more detailed band fading 
records were made. 

Figure 20 shows a time variation in the frequency position of 
the minima which is explained as due to a variation in the 
difference of path length. If we indulge in further speculation 
along the line of laver phenomena we conclude that the reflecting 
laver is rising and falling. It is improbable that the whole layer 
would rise and fall together, so we conclude that undulations 
occur along its surface. These undulations in themselves would 


eause the length of path of the wave reflected toward the receiver 


to undergo a continual change. They would also introduce 


minor reflections from surfaces more distant than that responsible 
for the major effect whieh may be responsible for the more rapid, 
low amplitude fading which is usually superimposed upon the 
slow changes. Obviously, the character of the fading would in 
the event that it is caused by undulations along the reflecting 
laver. be determined by the amplitude and direction of move- 
ment over the surface. 

If, on the other hand, we examine the possibilities of theories 
such ах those proposed by Nichols and Schelleng, Larmor and 
others in which the action of free electrons in the atmosphere is 
Invoked, we might visualize the waves on the second path as 
following a curved trajectory. Or we might have the two sets 
of waves start off together, become split by double refraction 
Perhaps their planes of 


and eventually come together agun. 
In fact, it is possible to 


polarization will have been rotated. 
build what appears, we must confess, to be a highly imaginary 
explanation іп whieh the wave interference is accounted for not 
on the basis of any great differenee in path length but by the 
assumption that the amount of rotation is such а funetion of 
frequency that a change of about 2,000 eveles adds or subtracts 
a complete rotation, and the further assumption that one set of 
waves has had its plane of polarization rotated through several 


more complete rotations than has the other. The. synthetic 
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possibilities are almost endless and we must wait upon further 
data more varied in character before the facts can be established. 
In the present investigation we һауе’ поё attempted to determine 
the mechanism of the transmission medium except insofar as it 
could be inferred from the results of our tests which were aimed 
at finding out just how radio signals look after they have been 
subjected to а trip through this mechanism. 

Returning to the solid band fading record illustrated in 
Figure 18, let us form some conception of the appearance of this 
figure were it extended toward the much higher and lower fre- 
quenciesusing as a basis of this conception the supposition that the 
existing record is systematically distorted by wave interference. 
For a given rate of change in the physical difference in length of 
path, such as would be encountered in the simple reflection case, 
the rate of movement of the minima across the band fading pic- 
tures would vary directly with the frequeney. Therefore, we can 
extend the narrow section shown in Figure 18 to form a wide 
band fading record such as is shown in Figure 21, wherein we are 
looking down upon the distorted surface, the minima being traced 
by the light lines. Toward the short wave end of the band it is 
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evident that a fading record for a single frequency represented. 
for example, by а section parallel to the time axis and perpendic- 
ular to the page, a — а’, would show rapid fading, while a similar 
record at the long wave end of the range as 6—6’ would give 
slow amplitude changes. Such sections representing theoretical 
single frequency fading records are shown at the bottom of 
Figure 21. The relative fading rates for long and short wave 
lengths as indicated by these idealized characteristics, are in ac- 
cord with general experience. 

In describing the stepped-frequency method of obtaining 
band fading records, allusion was made to distortion which might 
result from speeding up the process. Suppose that we were to 
use à very small rotating condenser in parallel with the main 
condenser of the transmitter oscillator for changing the fre- 
quency, and that this condenser were capable of changing the 
frequency sinusoidally about а mean value. Then we could 
represent the variation in frequency with time as is shown by 
the curve C, in (a) of Figure 22. Now if the energy transfer 
from transmitter to receiver takes place over two paths of differ- 
ent lengths, one wave will constantly lag behind the other. 


Sinusoidal Frequency Variation 


Stepped Frequency Variation 
Undistorted Interval 


Frequency 


KiGgure 22—Curves Showing the Relative Effect 
of Transmission Time Lag in Sinusoidal and Step- 
Бу-мер Methods of Frequency Variations 


This lag may be measured as a time interval. In Figure 23 
are shown two waves, (a) and (b) of constant amplitude but with 
frequency modulation. The wave (b) representing the indirect 
wave, it will be noticed, lags behind the direct wave represented 
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by (a). The amount of this lag is determined by the difference 
in length of path and the transmission velocity. If we were to 
receive only one wave, as we should in the daytime, for example, 
we would find it to be а constant amplitude field (providing the 
high-frequency characteristic of the receiver is flat over the range 
of frequency variation). But when two or more distinct paths 
exist, the combination at the receiver becomes complex. This is 
evident in eurve (c) shown in Figure 23 which is a direct summa- 
tion of (a) and (b), and in (d) which is the envelope of (c). The 
amplitude is subjected to variations which did not exist at all in 
the original wave. 


Figure 23— Diagram Showing the Effect of Frequency Modu- 
lation 


We might set up an equivalent effect right at the receiver by 
constructing two small local oscillators having the same charac- 
teristics as the transmitter oscillator. The two small rotating 
condensers would be driven by the same motor, but the rotor of 
one would be shifted backward in phase relation to the other so 
as to simulate the case of transmission lag over the longer path. 
The relative frequency characteristics of the two may then be 
represented by curves C, and Су’ in (a) of Figure 22. 

The frequency of the signal arriving over devious paths at 
the receiver may be put in the form of an equation as. 


Fi Ро] sin [r (t @ V)], (ба) 
F,=F,+f sin [r (t — d, Vj]. (6b) 
wherein, 
F,=the mean frequency 
f=one-half the total variation 
r=2z times the frequency of rotation of the condenser 
d=length of path 
V =velocity of waves. 
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For a difference in length of path equal to 300 wave lengths 
at a frequency of 600,000 cycles per second, for example, the time 
lag of one wave behind the other will be equal to 300 `600,020 
second or 1. 2000 second. The lag of one of the condensers be- 
hind the other in the "equivalent" case described above would 
be then for 30 cycles per second rotation of the condensers, 
30, 2000 times 360 degrees or 5.4 degrees. The lag of 5.4 degrees 
represents the lag of the condenser rotor, so that the frequency 
lag will depend entirely upon the rate of change of frequency by 
the rotating condensers at anv given instant. 

Now to determine the resultant wave at the receiver we must 
know both amplitude and relative phase of the components 
arriving over the different paths. Theamplitude will be constant, 
and we shall assume known, although it may actually follow slow 
changes with attenuation or variations in length of path. The 
relative phase must be determined from equations (6a) and (6b). 
Knowing the frequency variation with time we may, by integrating 
the following equation, determine the phase relation at any 


time (t). 
t 
„= f 2 z F, dl, (7) 


t 
n= f 2 — F.dl. (8) 


Substituting the general relation for F, and F: from equations 
(ба) and (6b) we have, 
t 
0, -f F,+fsinr(t—d/V), (9) 


0 


{ 
» f ЖЕЛТ С (10) 


Evidently the relative phase (AA) will be the difference 


between these two giving: 


! | t 
д9-в,— teen e (raten | foinr(—a/V)at (11) 


ч t 
-2= f F.dt- | лт r(t—d'/V) (12) 


which integrated reduces to the form, 
P Pleas , 
А0 = I (eus rt 1) (сохта J — cos r d) V+ 
І 
sin rt (sin rd'/ V —sinrd/V). (13) 


The equation is not in itself very illuminating, but what it 


RADIO BROADCAST TRANSMISSION 93 


tells us generally is that if we represent two frequency modulated 
waves traveling over paths of different lengths to a distant 
receiver by rotating vectors, these vectors are constantly shifting 
their relative position. The magnitude of the shift at any instant 
is given by the varying angle A0. Due to а change in the angle 
included by the two vectors, their resultant will undergo an am- 
plitude change, the seriousness of which we will consider later. 

Thus far in the discussion of frequency modulation by means 
of а rotating cohdenser we have assumed sinusoidal changes in 
frequeney. The ordinary condenser departs considerably from 
such à performance. By considering the application of the in- 
tegral equation for А 0 to such a case it will be recognized that 
the relative space positions of the vectors representing the direct 
and indirect waves will be subjected to changes at every point 
where the slope of the frequency-time curve departs from a sim- 
ple sine relation. The degree of distortion due to the presence 
of such irregularities may be considerable. 


FIGURE 24—Sample Fast Records Showing Distortion Produced by 
Intentional Frequency кыша КС Day Record, b and c Night 
cords 


In Figure 24 are shown some samples of '*wobbled" carrier 
frequency records obtained at Stamford, Connecticut. For these 
records the carrier was wobbled at the rate of about 10 cycles 
per second. There is some uncertainty as to the range of[fre- 
quency variation for these records, although it was probablylin 
the order of а few thousand cycles. By means of a constant fre- 
quency local oscillator the radio frequency wave was stepped 
down in frequency to audio values which could be amplified and 
recorded. 


acteristic for the stepped condenser. 
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The record (a) of Figure 24 represents stable daytime recep- 
tion. The record shows amplitude modulation due to the re- 
ceiver characteristic alone. If the receiver were, as is desirable, 
capable of amplifying all the frequencies present in the received 
wave in the same ratio, this record would be of constant width. 
In the subsequent examination of night records we must keep in 
mind the fact that the terminal apparatus is responsible for a 
certain part of the amplitude modulation. Its influence is readily 


94 


recognizable. 


The night-time records shown in (b) and (c) reveal a distinct 
distortion of the envelope aside from that present in the day- 
time record. Peaks appear and disappear within time intervals 
sometimes as short as a fraction of a second. 

The record in Figure 25 represents a slow picture of the 
changes shown in (b) and (c) of Figure 24. If these wobbled fre- 
quency waves are studied carefully it will be noted that where a 
single peak stands at one moment there gradually comes in view 
another as if it were sliding from behind the first. The cycle 
length being about 1/10 second we may get some idea from this 
series of the rate at which the changes take place. The presence 
of so many peaks in these records is attributed in part to the fact 
that the rotating condenser used gave a frequency change which 
was far from a simple sinusoidal relation. 


оске 25—Sample Slow Record Showing Distortion Produced by 
Intentional Frequeney Modulation. Night Record 


Let us now return to the stepped-frequency method of obtain- 
ing the band fading pictures and ascertain why it has certain 
In (b) of Figure 22 is shown the “equivalent” char- 


advantages. 
During 1/2000 of a second 
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(for the conditions so far assumed) in each step distortion may 
occur, due to transit conditions, but during the remainder of the 
quarter second assigned to each step (for the records so far taken) 
a steady state is reached. "Thus, theoretically, distortion occurs 
only during about 1/500 of the step interval. In (b) of Figure 
22 the lag is greatly exaggerated for purposes of illustration. 
This means simply that we have maintained constant frequency 
for a sufficient length of time to establish, before taking our pic- 
ture, а fixed interference condition over the region including 
transmitter and receiver at least. 


DAYTIME FIELD STRENGTH DISTRIBUTION 


Thus far we have been dealing with the unstable phenomena 
of night-time transmission. Our interest has been directed almost 
entirely toward variations with time. While the presence of wave 
interference has been detected, and the movement of this inter- 
ference effect across the frequency band has been recorded, little 
effort has been made to form a picture of such interference in its 
space relation. А discussion of similar stable, daytime phe- 
nomena is, therefore, not out of place, and particularly so in view 
of an evident relation of the fickle nocturnal interference phe- 
nomena to the steady states which follow the appearance of 
daylight. 

In a previously published map of field strength distribution in 
New York City,* it was indicated that the congestion of high 
' buildings just below Central Park cast a heavy shadow. Моге 
recently it has been determined from observations on a portable 
transmitter, set up at various points, that this building center 
is a consistent performer. Тһе position of this obstruction is 
determined in Figure 26, wherein only partial contours from 
maps for the indicated sites are given to prevent confusion. The 
Intersection of these lines from transmitter to shadow, falls at 
approximately 38th Street in the vicinity of Sixth Avenue. 

The dissipation of wave energy at such a point is probably 
the composite effect оѓ, тапу adjacent structures. Figure 27 
gives an elementary idea of how this can oecur. The structures 
filling in each block are, of course, very well connected electrically 
by means of pipes, cables, ete., with those of adjacent blocks. 
Between each oscillating circuit (which ік pictured as consisting 
of two buildings with earth connections), there exists a coupling 
which binds the whole system together more or less flexibly. 
Thus the obstacle offered by a group of buildings might be of a 


*See footnote 1. 
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selective nature, and evidently its пецнелсу characteristic may 


vary with direction. 
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FiGURE 26—Map Showing Location of Radio Obstruction on Man- 
hattan Island as Determined by the Intersection of Lines Between 
Various Transmitting Points and Their Corresponding Shadows 


Such an aggregate would, in addition to absorbing wave 
energy, produce a change in velocity or a refraction of the wave 
front. Some indication of such an effect will be discussed later. 
Before leaving the subject of shadows, however, let us get а 
physical picture of their significance. | 

From the transmitter a wave front expanding outward and 
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Кїн 27—Idealized Pieture of кийе Electrical 
Circuit Characterics of High Buildings 
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upward encounters an obstruction which we shall assume is near 
the earth plane. The net result of this encounter is a weakening 
of the wave over an area near this plane, and probably a distor- 
tion of the energy-bearing fields. We might then imagine this 
shadow to be a tunnel-like region extending along the earth be- 
yond the obstruction, and as having definite vertical as well as 
horizontal limits. 

The aerial photograph of Manhattan and adjacent territory, 
shown in Figure 28, will give a fairly clear idea of the conditions 
close to the transmitter. The major obstruction, the location of 
which has been previously described, is shown in its relation to 
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Figure 28—Aerial Photograph of Manhattan Island Showing Locations of 
Transmitting Station and Obstructing High Building Area 


Digitized by NIN 


98 BOWN, MARTIN AND POTTER 


the line of transmission toward the Riverhead and Stamford 
testing stations. Such barriers to wave travel, situated within 
a short distance from the source, seem, as we might expect, to 
have а more extensive and serious influence upon effective broad- 
cast distribution than similar obstructions at greater distances. 


150 
140 
130 
! 
120 | | ! | | 
No | | | 1 
| | і | 
' | | | | 
0 | ] | ; | 
Y Ч | s ! | 
H ET Г ру E 
TUN Е! HEN A : g! 
Ф = £| 3 | £ | &| 
270 | gl | 5 <! 
60; 5 | | $I S p 
Fu | HET HE 
Зы H SE 3 d 
& } | | 5 l Н H 
2 | № on 
30 Co | 
! ! | | : ! 
i | | ШЕ 
l 
10 (Angle E of N from Transmitter) : 
ЗУ 35° sr y ar 45 45° 47° 49° 


0 ev 25 ?7* 29" 5° 
Across Manhattan 7 Wavelenghts from Station 


ЕсовЕ 29—Cross-Section of Radio Shadow Caused by High 
Building Area 


It will be noticed that the obstruction falls very nearly upon 
the direct line from the transmitter to the Stamford testing 
station. This will also be evident later after an understanding 
of Figure 29, wherein the position of the “Вапа Near Sound" 
represents also the bearing of the Stamford station. The River- 
head station is not directly in line with the major obstruction. 

In certain sectors of the field strength contour map for station 
2XB there appears to exist a kind of wavy displacement of the 
contour lines forming а partial pattern of peaks and depressions 
side by side. In general, this pattern must be differentiated from 


an ordinary shadow area. А remarkable example of this sort 


of field distribution is shown in Figure 1 which is one section of а 
field strength survey made for station 2XB. These contours are 
based entirely upon daytime measurements, and represent a con- 
dition which is stable throughout the daylight period. Consider- 
able difference in signal level is apparent within short distances 


across the direction of wave propagation. Two pronounced low 
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aignal channels extend approximately northeast across this re- 
gion. These shift with change in frequency of the transmitted 
wave. Figure 30 illustrates the space relations for such а move- 
ment. The full line curve shows a partial cross-section of the 
contour map of Figure 1 taken along a line approximately per- 
pendicular to the direction of transmission 110 wave lengths 
from the transmitter. This represents relative field strength 
values for 610.0-kilocycle radiation. When the frequency is 
raised to 635.0 kilocycles, there occurs a movement of the peaks 
and depressions as is shown by the broken line of Figure 30. 
Apparently the increased frequency causes these channels to be 
crowded together. 


Long island Sound — 


Relative Values of field Intensity 
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Fiaure 30—Cross-Section of Wave Interference Pat- 
tern Showing Change With Frequency 


If we take sections of the field strength contour pattern in 
Figure 1 and examine carefully the relative amplitude of peaks 
and depressions represented by these wavy lines, we shall find 
that the ratio of field strength of the peaks to that in the depres- 
sions increases with distance from the transmitter. That is, 
the channels become more sharply defined as we move away 
from the transmitter. This ratio is shown approximately by the 
curves of Figure 31. If these peaks or depressions were simple 
shadows they would maintain their relative values at a distance 
from the source or even tend to “heal,” causing the ratio to fall 
rather than rise as is‘actually the case. 

Within 14.4 wave lengths (7.1 km.) of the transmitter the 
pattern so apparent beyond 30 wave lengths merges into one 
deep shadow a cross-section of which is shown in Figure 29. The 
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abesissa of this curve is in degrees measured from the transmitter 
so that the center of the two most distinct low field strength 
channels extending northeast may be inserted with their true 
adial relation. The two most evident in Figure 1 are shown to 
be west of the line extending from transmitter through the cen- 
ter of obstruction located in Figure 26. The presence of Long 
Island Sound east of the geometrical center of the shadow has 
made an extensive survey of this section impractical. How- 
ever, a single section taken across the Sound at about 90 wave 
lengths from the station shows quite unquestionably the presence 
of a low channel about as indicated to the right of the obstruction 


designated in Figure 29. 
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Ғіссне 31— Plot Showing Intensity of Definition 
of Wave Interference Pattern 


We have, therefore, a deep shadow with a more or less orderly 
array of maxima and minima within its limits. These maxima 
and minima grow more distinct at a distance from the trans- 
mitter, contrary to what we might expect for ordinary shadows. 
Furthermore, we find that they move as the frequency is changed. 
These facts lead to the belief that the phenomena in question are 
due to wave interference such as has already been described in con- 
nection with night-time fading, but characterized by very much 
smaller path differences. This daytime interference condition 
is fixed while we have seen that the nocturnal patterns appear 
to wander continually. To explain this more in detail let us re- 
turn to the shadow апа consider the phenomena which might 
accompany it in a little more detail. 

The study of light has made available much information con- 
cerning the subject of wave interference. It is known, for in- 
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stance, that the edges of shadows are not sharply discontinuous 
changes from light to darkness, but that a series of dark and light 
bands, called diffraction fringes, are interposed between the full 
light and full dark areas. Yn our radio case, the distance from the 
source to the obstruction ard the dimensions of the obstruction are 
both very much smaller, in comparison with the wave length of the 
radiation, than for any ordinary саде in light, but apparently the 
phenomenon is of the same general rature. By applying the in- 
genious principle of secondary sources used by Huyghens, we 
might theoretically determine the distribetion of the field beyond 
an obstruction placed in the path of the advancing radio waves. 
The basis of this principle is the assumption thet vach elementary 
part of the advancing wave may be considered ssa tiny trans- 
mitter. The effect at any point behind an obstructicn, therefore, 
becomes the resultant effect, considering phase as well as ‘m pli- 
tude, of the waves from all these miniature sources. | 

In Figure 32 the region between vertical lines (a) and (b) 
represents the geometrical limits of the cross-section of а well- 
defined shadow taken some distance behind the obstruction. 


Field Strength 


Distance 


Еіссве 32— Theoretical Cross-Section of Radio Shadow and 
Associated Wave Interference Pattern 


Ап analysis of the resultant field using Huyghens' construction 
would show variations in intensity somewhat as represented by 
the full line. In other words, the shadow will not be distinct, but 
will have alternate maxima and minima within its geometrical 
limits and similar variations beyond the edges. 

It is very likely, of course, that even in case the foregoing 
speculative analysis of the contour pattern extending northeast 
of 2XB is fundamentally correct, а great many other influences 
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than that of obstruction enter Into the final field distribution. 
Relative attenuation of water and land appear to influence the 
distribution considerably though not as definitely as do steel 
strictures close to the transmittez, Distinct minima appear 
both on the Hudson and on the Sound along radial lines extend- 
ing from the transmitter. . ^ “. 

Probably refraction of. the wave front in passing across shore 
lines also enters into the shaping of this pattern. 

Perhaps as good an élementary picture as any of the phe- 
nomena causing -these patterns is that of a “dent” produced in 
the wave front, by an encounter with a portion of New York 
City's impressive skyline. Since radio waves travel in a direc- 
tion perpendicular to the plane containing the electric and mag- 
netic. fields, opposite sides of this "dent" would cross over one 
another-with the result that an interference pattern would appear 
beyond the obstruction. An analogous situation exists when 
a water ripple passes a cluster of marsh grass which, damp- 
ing its motion and retarding its progress, causes part of the 
advancing front to converge and cross beyond the obstruc- 
tion. 
There is evidently a relation between day patterns such as 
have been discussed and night-time conditions. Just what this 
relation is offers some further opportunity for conjecture. In the 
first place, quality distortion in transmission at night was, as pre- 
viously explained, observed over parts of the region covered by 
the pattern shown in Figure 1. The worst distortion seemed to 
be somewhat associated with the low field strength regions in this 
daylight survey. The distortion seemed also to be worse along 
the low channel extending in the direction of New Canaan, Con- 
necticut, and beyond the 100-wave-length circle. It was par- 
ricularly bad at a distance of some 140 wave lengths from the 
station along this low channel where the field strength became 
so low in the daytime as to be unmeasurable with the set em- 
ployed for the work. Accompanying the poor quality were fad- 
ing and marked directional shifts. 

Quality distortion, though not so consistently severe at the 
Riverhead station as in the vicinity of Stamford, was at times 
easily detectable by audible tests. Due to rapid attenuation of 
the radio waves traveling from the site of 2XB across Manhattan 
and the length of Long Island the field strength around River- 
head is generally low with higher levels north and south on the 
open waters of the Sound and Ocean, respectively. Night-time 
fading at this point was representative of the variety which 1s 
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usually found at distances of approximately one hundred miles 
from à broadcast transmitter. 

The situation at Riverhead appears to be somewhat the same 
as that which may exist over a large part of the broadcast area 
at а distance from the transmitter, while in the Westchester re- 
gion we have an extreme and rather special circumstance. Field 
strength surveys have shown that there are indications of a day- 
time interference pattern over the Riverhead area, but this pat- 
tern, such as it is, appears to be irregular and to lack the defini- 
tion which makes the Westchester pattern so remarkable. 

On the basis of the Westchester data alone we might build up 
а theory to the effect that night-time shifts of the stable daylight 
pattern were in some way responsible for quality distortion fol- 
lowing the departure of daylight. Such a thought applied to the 
Riverhead case does not seem so reasonable, since here the pat- 
tern is about one-quarter as distinct in terms of the ratio of 
maxima to minima values as the Westchester pattern. If, how- 
ever, we presume that quality distortion may be expected in 
areas where daytime signals arrive considerably attenuated, or so in- 
terfering as to simulate such an attenuated condition, both situ- 
ations are satisfied. After a consideration of the evidence at 
present available, such a conclusion seems attractive; that is, a 
daytime wave interference pattern alone is only an agency in 
night-time quality distortion, in so far as its minima in combina- 
tion with the general shadow effect are responsible for a low signal 
directly transmitted. Perhaps, in other words, the daytime field 
strength is a measure of direct night-time transmission, there ex- 
isting in combination with this direct path at night а second, 
variable route of greater effective length. Probably close to 
the transmitter the “direct wave" is large compared to the 
"indirect," but shadows or interference may materially modify 
the ratio. | | | 


NIGHT DISTRIBUTION OF FIELD STRENGTH 


By receiving simultaneously at several points the signal com- 
ing from a distant transmitter, it ought to be possible to detect 
the movement In space of these interference bands we have been 
discussing. The question immediately arises as to how far apart 
these distributed receivers can be placed without giving us an 
entirely discontinuous and misleading picture. For the first step 
toward recording space variations, in the vicinity of the Riverhead 
testing station, the receivers were spaced 1/16 wave length (30.5 
meters), as illustrated in Figure 33. It is necessary in making 
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such determinations to transmit a single radio frequency, since 
we have already found that the interference bands for one com- 
ponent of a modulated wave are likely to be in a different position 


than those for another. 


oN 
Ж 
BN Test Station 


МФ 


NOTE 
®. Receivers 
X + Beating Oscillator. 
ссн 33—Diagram Showing Space 
Relation of Receiving Sets for Special 
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In order to receive and record the radio frequency wave it is, 
as has already. been shown, convenient to use a local oscillator 


to beat it down to audible values. Since several oscillators for 


the separate sets are likely to produce mutual interference а 


common one was employed. This beating oscillator was situated 


at the testing station and the receiving antenna at this point was 
used as a radiator. In order to prevent. overloading, the local 
receiver, the coupling to the receiver input coil, was balanced to 
give a minimum of the loeal signal. 

Figure 34 is а sample of the record obtained. 
shadow band at the top represents the local receiver output. 
One oscillator clement was used for the other four receivers, their 
signals being recorded successively by the conunutating device. 
Incidentally the interaction between these receivers was checked 


The continuous 


Бу observing the output of any one, while changes were made in 


the tuning of the others. The antenna мах, however, so nearly 
aperiodie that no recognizable distortion or reradiation pheno- 


mena could be detected, 
Figure 35 illustrates compactly variations recorded. by the 
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oscillograph records (of which Figure 34 is а sample), for а repre- 
sentative period of about five minutes. Even within the dimen- 
sions of 1/16 wave length there appears to exist transient field 
strength gradients in the direction of transmission. This is 


FIGURE 34—Sample ee Frequency Fading Record from Spaced 
Receiving Sets 


shown by a change in relative values, in the upper set of curves . 
which represents field strength at points 1/16-wave length apart 
in the direction of transmission. The deviation is particularly 
noticeable in the relation between values for the local receiver 
and the ‘‘ West receiver’ which is in the direction of the trans- 


mitting station. 
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Fiavre 35—Curves Showing Single Frequency Fading 
on Spaced Receivers, Condensed from Long Record 
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The lower set of curves, representing similar values across the 
line of transmission are much more nearly parallel. From the 
data so far obtained for the Riverhead testing site, it seems that 
transient night-time field strength gradients are more generally 
evident in the direction of transmission than perpendicular to 
this direction. Upon these limited data one might be tempted 
to predict the presence of interference bands across the line of 
transmission. 

The above discussion concerning space relation of field 
strengths has been included merely by way of contributing an 
additional bit of evidence to the theory that the erratic type of 
fading ordinarily experienced at night is due to wave interference. 
The picture 1$ very small in terms of wave lengths but considering 
its content, its very limits seem to imply wave interference rather 
than attenuation alone. ' 

In connection with the wave interference theory thus far 
suggested as responsible for a major part of fading, Figure 36 15 
. introduced as added evidence. The middle record of this group 
represents amplitude changes in the night-time reception of & 
carrier wave upon a vertical antenna. Тһе upper and lower 
records represent the same for two loops turned at right angles 
to one another in the horizontal plane. By daytime tests the 
interaction of this combination was found to be negligible. Night- 
time fading recorded simultaneously for these three separate 
receivers occupying as nearly the same point in space ‘as was 
possible, show that a high-amplitude signal may be coming in 
on both loops while the vertical antenna pick-up approaches zero. 
Several points of this kind are marked by arrows below the 
middle trace in Figure 36. 

There are at least two simple possibilities which might 
account for these relations. In case the wave approaches the 
receiving point from directly overhead, the vertical antenna 
would receive a ''zero" signal while the loops would pick up an 
amount depending upon the state of polarization. If this be true, 
the records indicate a very rapid shift from the vertical direction 
of reception since the antenna minima are short lived, most of 
them lasting at best a small fraction of a second. 

On the basis of wave interference it is apparent that two 
waves approaching the receiving point in a 90-degree space phase 
relation and 180 degrees out-of-time phase could give a maximum 
signal on the two loops while that received on the vertical antenna 


was а minimum. 
А compromise between these two viewpoints is probably a 


RADIO BROADCAST TRANSMISSION 107 


better guess than either one of them taken alone. That іѕ, {һе 
existence of minima on the vertical antenna at the same moment 
that a strong signal is coming in on the loops is perhaps due to 
the interfering combination of waves having components in both 
the vertical and horizontal planes. 


FIGURE 36—Single Frequency Fading Record from Vertical 
Antenna and Two-Loop Antenna Crossed at Right Angles 


QUALITY DISTORTION 


So far the data shown have been limited to the results of 
observations taken on special forms of transmission which are 
simplified for the purpose of clearly exposing the basic facts. We 
wish now to consider some of the more practical aspects of signal 
distortion. The first test which we made at our field test 
station was to record on slowly moving photographic paper 
tape and on the high speed film, the detected audio signal which 
resulted when the transmitter was modulated by a pure 264- 
cycle tone. 

Figure 37 is a sample of the general type of audio signal 
record obtained and Figure 38 shows copies of the wave shape of 
the received signal, at particular times corresponding to the 
numbers of the oscillograms on the records in Figure 37. The 
abrupt displacement of the timing trace indicates the point on 
the long record at which the snapshot oscillogram was made. 
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A peculiar characteristic of these records is 


lines weaving back and forth throu 
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ening of the record is caused by the greater quantity of light 
affecting the record at these peak points. At the same time these 
observations were made, the wave shape of the signal rectified 
from the antenna current at the transmitter was recorded by an 
oscillograph. "These oscillograms showed the signal to be free 
from distortion at the transmitter. 
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FicurE 38—Wave Form of Signals Corresponding to Numbered 
Positions Indicated on Strips 2, 4, and 5, Figure 37 


The weaving of these shadowy traces, together with their 
width gives а record of the change in phase and amplitude of the 
irregularities in the wave shape of the signal. Although the wave 
shape of the signal is continually changing, it persists in substan- 
tially the same form for a great many cycles. Thus the record 
shows that, in the transmission of this simple tone modulated 
signal from the transmitting to the receiving antenna, it has been 
so modified that entirely new frequencies appear at the receiver. 
This receiver was shown by local tests to be free of any appre- 
clable distortion within itself. While these new frequencies look 
like harmonics of the modulating tone in the snapshot record it 
is obvious from the slow record that they are not true harmonies 
but that they differ from the harmonics by a very small amount 
and are incommensurable with the modulating tone since they 


undergo progressive but irregular phase changes with reference 
to it. 


110 BOWN, MARTIN AND POTTER 


These records represent in а nutshell the signal distortion 
problem as it first presented itself to us. Our work then consisted 
in raveling out the complicated relations so that their nature 
could be ascertained and a theory of the causes established. In 
this paper, in the interest of clarity of presentation, we have 
departed considerably from the actual order of the experimental 
work, but at this point perhaps the actual order is best to follow 
for à moment. 

With such a weird-looking distortion to analyze, and if possi- 
ble eliminate, our first thought was as to whether the terminal 
apparatus might not involve unrecognized peculiarities which 
would be a contributing cause. Local tests and daytime tests of 
the receiving system absolved it from doubt and attention was 
focused on the transmitting apparatus. 

It was suspected that present day radio telephone trans- 
mitters leave something to be desired in regard to what we may 
call, for lack of a better term, their dynamic frequency stability. 
A very large percentage of the transmitters in use throughout 
the world today produce amplitude modulation of the carrier by 
the action of modulating tubes directly upon an oscillating tube 
circuit. It is to be expected that the cyclic changes in circuit 
conditions occurring at the modulating frequency will have some 
cyclic effect on the absolute frequency of the carrier and that 
this effect will be in the nature of а wobbling or rapid shifting 
back and forth in frequency of the amplitude modulated carrier. 
In other words, the carrier and side bands, without change in 
their relative frequencies, would be subjected to ''frequency 
modulation." 

This sort of thing should be clearly distinguished from the 
slow wandering of frequency which, for instance, causes beat 
notes between carriers of different stations to drift gradually in 
pitch. What we have called ‘‘dynamic instability" is so rapid 
(being governed by the сусПе variations of the modulator) that 
it is difhieult to observe by any aural method. Since the trans- 
mitter being used for our tests was а member of this almost 
universal class which employs modulating elements directly asso- 
elated with the oscillator elements we determined to study this 
aspect of the transmission. 

The following test was made to find out the extent of the 
frequency variation during the period of the modulating cycle. 
А schematic diagram of the testing cireuit arrangement is shown 
in Figure 39. The plan was to modulate the carrier with 33 
cycles, a tone so low in frequency that it would not be efficiently 
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transmitted through the audio frequency amplifier connected to 
the output of the radio receiver. Then upon beating the received 
modulated carrier signal down to & frequency of about 1,000 
cycles, an oscillogram of this signal would show а 1,000-cycle 
signal with a 33-cycle modulation in amplitude. Frequency 


Radio Audio Osciltoqraph 
Receiver Amplifier Oscillograms 


, Beating 
= Oscillator 
Local Tone Signa - 


FicunE 39—Diagram of System Used to Measure Frequency Modu- 
lation 


modulation, if present, should then be easily discernible from the 
record. This experiment was made for daytime transmission, 
and oscillograms (A) and (B) shown in Figure 40 were obtained, 
one with the frequency of the beating oscillator greater than the 
carrier frequency, and the other with the beating oscillator fre- 
quency less than the carrier frequency. Both of these озеШо- 
grams show by the change in the frequency of the beat note signal 
that frequency modulation occurs in the transmitter circuit. The 
frequency change is very apparent on the oscillograms when 
the lengths of one cycle at maximum and minimum amplitudes 
are compared. The reality of the effect is demonstrated in the 
two records, which by their difference show the reversal of the 
increased and decreased frequency points with reference to the 
modulation cycle when the beating frequency is moved in fre- 
quency from one side of the carrier to the other. 

The next step was to determine to what extent a stabilization 
of the carrier frequency to stop frequency modulation would 
affect the distortion of signals. True, master oscillator trans- 
mitters capable of giving the desired stability are not a new 
thing in the art. Several such transmitters were built by the 
Western Electric Company some years ago and used successfully 
in ship-to-shore radio telephone experiments ? in which frequency 
stability was of considerable importance. То modify the ordinary 


? See Figure 1 and accompanying discussion іп: “Radio Extension of the 
Telephone System to Ships at Nea," by Н. W. Niehols and Lloyd. Espensehied, 
PROCEEDINGS OF THE INSTITUTE OF Каро ENGINEERS, Volume 11, number 3. 
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broadcasting transmitter to include this feature involves major 
mechanical changes, and in order to provide a suitable аттапре- 
ment for these tests the Bell Telephone Laboratories engineers 
merely added to the existing transmitter at station 2XB a tem- 
porary separate oscillator and high-frequency amplifier which 
could’ be connected to drive the oscillator tubes of the set as 
amplifiers. That this was free from frequency modulation is 
seen by comparing (C) of Figure 40 with (A) and (B). 
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FiGURE 40—Oscillograms payee Frequency Modulation. Accom- 
| panying Amplitude Modulation 


The transmission tests carried out with this arrangement 
yielded highly Satisfactory results as indicated by a comparison 
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seriously distorted. When the stabilizing arrangement was 
employed, this distortion was apparently eliminated except at 
the minima of fading. 

Having arrived, then, at this practical result we wished to 
make further confirming tests, and tests to determine the whys 


ansmission with Stabilized Carrier 
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Ғіауне 41—Slow Record of Signal Detected from Tone Modulated Tr 
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зи wherefores of the result. We have already detailed the more 
basic of these tests in previous sections of this paper and are 
now ready to consider the practical distortion records more care- 
fully and to build up a theory to explain them. 

The records shown in F igure 42 are similar to the records in 
Figure 37. They are shown here to illustrate the difference in 
the characteristics of the wave form distortion variation that 
oceurs from day to day. All these records were made at Stam. 
ford, Conn. 


Strips 1 and 2— May 15, 1924—4:30 А. M. 
Strips 3 and 4—Jan. 23. 1925—5:30 А. M. 
Strips 5 and 6—Jan. 24. 1925—6:15 А. M. 
Strips 7 and 8—Jan. 21. 1925—8:00 А. M. 


There is а marked difference in the records obtained on January 
23 and 24, which were made at the time an effort was being made 
to determine the effect of the solar eclipse on radio transmission. 
The peculiarly twisted Appearance of the record obtained on 
January 24 is not very common in the records obtained. Most 
of the records have characteristics similar to those shown in 
Figure 37. In the January 24 records there is a marked change 
in the characteristic configuration of the variation. 

In order to obtain a record of the amount of wave form dis- 
tortion resulting from frequency modulation present inthedetected 
audio signal the circuit arrangement shown in Figure 43 was 
used. "This circuit was designed to analyze the wave form distor- 
tion when a 250-cycle signal was used to modulate the carrier. 
Special precautions were taken to obtain a pure 250-cycle mod- 
ulating tone. The wave shape of the signal detected from the 
carrier at the transmitter was frequently checked by observations 


frequency modulation and for the stabilized carrier transmitter, 
were practically simple sine waves. The output circuit of the 
radio receiver was connected to a group of filters designed to 
transmit narrow bands of frequencies straddling the harmonics 


While below we have referred to the frequencies passing these 
filters as "*harmonics" it should be borne in mind that they are 
not necessarily true harmonics since they deviate very slightly 
from the true harmonic relation. The purpose of the test was to 


procure a record which would show at a glance the presence or 
absence of wave form distortion. 
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The input circuits of the filters were connected in parallel and 
the output, circuits separately connected to the audio amplifiers 
arranged to operate the oscillograph elements. The input of one 
amplifier was arranged so that it could be switched either to the 
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al Detected from Tone Modulated Transmission Taken on Different Days 
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output of the filter passing 250 cycles or the output of the radio 
receiver. In this way & record could be obtained of either the 
whole tone from the receiver or only the 250-cycle component. 

In Figure 44, strip 1 is à harmonic analysis record of the 
audio tone detected from the carrier and both side bands, trans- 
mitted with a stable carrier frequency. Strip 2 is a section of a 
record made a few minutes later when an unstabilized carrier 
was being used. On this record the lower trace is the 250-cycle 
component, the center trace the 500-cycle component, and the 
upper trace the 750-cycle component. The upper and lower 
traces have their zero lines at the edges of the strip. This record 
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FicvnE 43— Diagram of System Used to Obtain ‘‘Harmonic” 
Analysis Distortion Records 


was made at Riverhead, L. I., April 30, 1925, аб 3:33 А. M. 
Strip 2 is a section of a record made a few minutes later when an 
unstabilized carrier was being used. 

The gain in the audio amplifiers connected to the outputs of 
the filters. was adjusted to give nearly uniform transmission 
through the receiving and recording apparatus for the frequencies 
recorded. Hence in these records the relative amplitudes of the 
fundamental and harmonics of the signal are directly comparable. 

Strips 3, 4 and 5 in Figure 44 are taken from a record made 
for the purpose of obtaining a comparison of the wave form dis- 
tortion sustained by the detected audio signal transmitted by 
the normal transmitter with frequency modulation present and 
by a stable frequeney transmitter. In each strip the lower trace 
m the whole tone from the output of the radio receiver, the 
middle trace the seeond harmonie. (500 eyeles? and the upper 
trace the third harmonie (250 eveles). Strip 3 and half of strip 4 
give the record obtained when the normal transmitter was used, 
and the remainder is the reeord obtained when the modified 


Time 3» 
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transmitter was used. There was a few minutes’ difference in 
time between the ending of one transmitting condition and the 
beginning of the next, during which the master oscillator control 
was switched on at the transmitter. The receiving circuit was 


Ficure 44—Slow Record Made with System Diagrammed in Figure 43. Contrasting the Distortion of 
Detected Tone Transmitted by Stabilized and Unstabilized Carrier Frequency 
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not changed during the making of this record, so that the results 
obtained from the two transmitters are directly comparable. 

The record of the signal from the normal transmitter shows 
an abundance of second and third harmonies, at times equal in 
amplitude to that of the whole tone signal. The latter, of course, 
includes these harmonics. It will be noted also that dark line 
shadows run through the trace of the whole tone, indicating the 
presence of the wave form distortion. The signal from the stable 
frequency transmitter as shown by the record is practically free 
from wave form distortion. The trace of the whole tone is also 
free from any dark lines which would indicate wave form distor- 
tion. This record is substantial evidence that a great deal of the 
wave form distortion may be eliminated when the carrier is 
stabilized. However, the selective fading still remains. 

The selective fading we have already explained more or less 
satisfactorily and we find that it does not materially affect the 
wave form of audible frequencies transmitted by & modulated 
stabilized carrier unless its changes are more rapid than any we 
have recorded. The crippled state of originally perfect tone 
waves after they have been transmitted by an unstabilized 
carrier, we have just observed. Now let us consider the possible 
causes of this difference. The carrier stabilization referred to here, 
may we repeat, is not stabilization against slow variations in 
frequency from second to second or from hour to hour, but rather 
against rapid variations within the cycle of the modulating fre- 
quency. 

The reason for such changes over the modulating cycle 1s 
that the variation of the impedance of a vacuum tube across the 
oscillating circuit necessarily causes a variation in the nature 
period of the oscillation. As a simple case, the circuit in Figure 
45 is given. Н. J. Van der Bijl in his analysis? of this circuit gives 
the natural frequency of oscillation as 


i r 
_ 1 | (+) (14) 
2 ~\ L C 

when r, is the plate resistance and the remaining constants are 
given in the illustration. 

Direct modulation by the usual method involves a cyclic 
change in the value of plate resistance. Hence, according to the 
above equation, there results a cyclic change in frequency which, 
though relatively small, becomes of the utmost importance 


n 


3 *"Thermionic Vacuum Tube,” by Van der Bijl, page 274. 
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when subjected to the peculiar phenomena of night-time 
transmission. 

By making certain assumptions concerning the nature of 
frequency variation as amplitude modulation takes place, it is 
possible to work out distorted waves corresponding to various 
assumed wave interference conditions at the receiver. Perhaps 
the most simple and instructive means for producing these dis- 
torted waves is by a graphical method. 

The equation for modulation of a high-frequency wave by a 
single tone may be written 


e - (A -FkÁ cos vt) sin рі (15) 


When A represents the unmodulated amplitude of the wave, 
k is a factor determined by degree of modulation, v is an angular 
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FiavRE 45— Diagram of ап Oscilla- 
tor Cireuit 


velocity of the tone wave and p is the angular velocity of the 
high-frequency wave. Theamplitude factor in this equation may 
be considered as a vector which is undergoing a change inlength 
in accordance with the term included in the brackets. For the 
purpose of our analysis we shall include the angular velocity 
imparted in this vector by the last term in the above equation, 
since we are interested in the envelope of the resultant high- 
frequeney wave at the receiver and the relative phase relations 
for two waves directly and indirectly transmitted combining to 
form this resultant. Since both carrier waves are of the same 
mean frequency, only the relative position need be con- 
sidered. 

Now in our graphical determinations for the case of two 
transmission paths different in length, we represent the two 
effective fields by vectors varying in length in accordance with 
the amplitude factor of equation (15). However, due to the 
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difference in length of path, the changes in length of one è vector 
will lag the changes in length of the other by any amount ^d 
$ —v (At) (16) 
when At equals the difference in time of transmission over the 
two paths and v is the angular velocity of the modulating tone. 
This angle Ф for 500-cycle modulation may, according to the data 
thus far described, amount to more than 90 degrees at the 
receiving points selected for observation. 
In addition to the lag in amplitude there will be a lag in fre- 
quency change over the frequency modulation cycle. This lag, 
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Ficgure 46—Graphical Method of Synthesizing Distorted Wave 
Forms Caused by Frequency Modulation 


which has already been shown in connection with the analysis of 
distortion in certain types of band fading records (see Figure 22), 
becomes a change in the relative phase angle of the vectors under 
consideration. Thus our picture finally becomes one of two vec- 
tors changing in length, the changes in one continually lagging 
the changes in the other, the two vectors at the same time under- 
going what we might term a relative angular wobble. 

In Figure 46 these relations are produced graphically. For 
our purposes we might assume that the vector representing one і 
field is fixed and allow the other one to wobble the relative 
amount. At an instant, for example, the directly transmitted 
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field may be represented by a, in this figure. Assuming a differ- 
ence in length of path, we may compute on the basis of the 
integral equation (13), the relative phase position of the vector 
representing the indirectly transmitted field 6,. The relative 
amplitude of this vector may also be determined by substituting 
Аф in equation (15). 

After establishing а sufficient number of vectors to represent 
the cyclic variation, we may combine the respective components 
to obtain the resultant representative of the successive instants. 
These are shown as Кі, Rs, Rs, etc., а broken line being drawn 
through their extremities to identify their positions. Now, if we 
plot these resultants as vertical ordinates in their successive time 
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Ғісунк 47—Synthetic Wave Forms Showing Distortion Due 
to Frequency Modulation | 


relation as shown on the lower right of Figure 46, we have the 
envelope of the resultant wave at the receiver. 

When the mean position of the two vectors (a) and (b) in 
Figure 27 is 180 degrees separation, the signal is experieneing a 
fading minimum. When they are on the average in phase the 
amplitude is at à maximum. We can, therefore, trace a relation 

between quality distortion and fading by such an analysis, 
assuming & constant percentage modulation. Figure 47 shows a 
series of high-frequency wave envelopes obtained by this method 
of graphic analysis. The mean vector relation is represented by 
$, and for Ф, = 180 degrees the fading may be considered at а 
minimum. The waves shown in Figure 47 being envelopes of 
the high frequency, will undergo certain changes in the process of 
detection. These, however, would only slightly modify the wave. 

For purposes of comparison, a set of oscillograph pictures of 
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representative received wave shapes is shown in Figure 48. These 
represent the actual effect of night-time transmission with fre- 
quency modulation between 463 West Street, New York City 
and Stamford, Conn.; the modulating tone was a practically pure 
264-cycle sinusoidal wave. The samples have been arranged in 
successive order to correspond with the order shown in Figure 
47. There exists a striking similarity. Occasionally, however, 


Figure 48—Oscillograms Showing Actual Wave 
Forms with Distortion Resulting from Fre- 
quency Modulation 


the shapes predicted may depart considerably from those ob- 
tained experimentally. As an example of such a departure, the 
record (h) in Figure 48 has been included. Such unusual samples 
may be due to а combination of waves arriving over more than 
two paths or it may be that the time variation of the frequency 
is far from the simple sinusoid which we have assumed. As а 
matter of fact, a critical mathematical treatment of this case 
shows that only an approximation of such a sinusoidal condition is 
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possible since, as has been shown by Carson, a frequency modu- 
lated wave of this character consists of an infinite series of fixed 
frequencies spaced at regular intervals either side of a ''funda- 
mental" carrier wave. Obviously, only a small part of such a 
series could get out of the transmitter or into the receiver due to 
circuit selectivity. For the lower modulating frequencies, how- 
ever, the approximation involved in the assumption of a simple 
sinusoidal variation is not far wrong since the amplitudes of these 
side frequency components fall off rapidly as their order in the 
series increases. While 150 wave lengths difference in path 
length has been assumed for the synthesis of the wave shapes in 
Figure 47, this difference may, according to the data obtained, 
amount to much more than this. 

It may well be asked why this frequency modulation, since it 
produces such marked distortion at night in certain places, does 
not also give rise to distortion by day or in locations where trans- 
mission is steady. А full answer to this question would be far 
from simple. But in brief it is because the carrier and side bands | 
shift in absolute frequency together as a unit so that their relative 
or difference frequencies which determine the audio signal remain 
unchanged. Another way to put it is that the detector operates 
on the envelope of the high-frequency signals and is blind to the 
frequencies contained within the envelope except insofar as they 
affect the latter. However, since frequency modulation appre- 
ciably widens the frequency band occupied by the radio signals, 
it is to be expected that the tuned circuits in the receiver would 
have some reaction on those louder portions of the signal for 
which the amplitude modulation and, therefore, the frequency 
modulation, is large. 'The perfection with which broadcast signals 
may be received under suitable conditions leads one to believe 
that this effect must be small. 


FADING IN RELATION TO FoRM OF TRANSMISSION 


It has been shown that serious wave form distortion of the 
reproduced signal may result if frequency modulation occurs with 
the amplitude modulation and the transmission is subjected to 
night-time conditions. This distortion from frequency modula- 
tion can be eliminated by stabilizing the carrier frequency. There 
remain some wave form distortion and the annoying amplitude 
changes caused by selective fading which is one of the most 
serious present day problems in radio transmission. Let us now 


‘See ‘‘Notes on the Theory of Modulation," by John В. Carson, Febru- 
ary, 1922. PRocEEDINGS оғ THE INSTITUTE оғ Клио ENGINEERS. 
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consider the nature and cause of this residual wave form distor- 
tion and some further consequences of selective fading under the 
assumption that there is no frequency modulation involved. 

The process of detecting audio signals from radio frequency 
signals is, at least in its simpler aspects, well understood, but 
it may not be generally appreciated that the action is such that 
the detected signals may be greatly modified by changes in the 
relative amplitudes and phases of the carrier and side-band 
components such as may result from their transmission through 
the medium. That the amplitudes and phases of the carrier and 
side-band signals are not necessarily received in the same relation 
that existed as they left the transmitter, has been pointed out 
earlier, in the discussion on selective fading. 

The usual expression for a high-frequency carrier wave of 
frequency p,2= modulated by a low-frequency wave of frequency 
v/27 13 

е=А[1-а sin (et 4-4] sin pl 
. where A is the carrier amplitude, a, the percentage modulation 
and Ф the starting phase of the modulating tone with reference 
to the carrier. Expanded into its components this becomes 


js 


е= cos (pt --vt4- $1) (the upper side band) 
- 48 М 

= cos (pt -rt — 4) (the lower side band) 
n sin pt (the carrier) 


where $, =$.=Ф and A,—A,— A,- A ав the waves leave the 
transmitting antenna. 

In the receiving set this function is squared by the action of 
the detector and, neglecting direct currents and frequencies 
above the audio range, the result is 


24: [Aisin (ot +9,) +Aasin (ғ4-%,)|-- 


A, Ды” cos (2 +$, +a) (17) 


of which the first term represents ум fundamental frequency of 
the origina] modulating tone and the second term the second 
harmonic. 

From this expression several conclusions can be immediately 
drawn. Due to the action of the detector there is always some 
slight wave form distortion, as is evidenced by the presence in 
relatively small amplitude of the second harmonic. Іп the 
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ordinary case this is negligible. The first term contains the 
earrier amplitude as а factor, but the second term does not. 
Thus, if selective fading erases the carrier at any time, reducing 
its amplitude to zero or а small value, the signal, represented by 
the fundamental tone, practically disappears, even though the 
side bands have not faded out, and there remains only the har- 
monic. This is the residual] distortion shown in Figure 41 and 
which can often be heard during а fading-out period. It is caused 
by the two side bands beating together in the detector. We 
have here exposed а fundamental defect in the usual form of 
modulated signal transmission. The amplitude of the received 
signal is subject to all the whims of the carrier and, to paraphrase 
freely an old saying, we might remark that а signal is no stronger 
than its carrier. We may at once conclude that one way to 
reduce fading is to suppress the carrier and resupply a constant 
amplitude carrier at the receiving station. 

Analyzing further the first term of the expression representing 
the detected signal, the first part of the bracketed portion results 
from beating together in the detector of the carrier and upper 
side band and the second part from the carrier and lower side 
band. It is clear that one of the side bands may fade out com- 
pletely and the other will still bring in the signal, provided the 
earrier 15 not also lost, with а phase shift to be sure but never- 
theless not seriously reduced in amplitude. In telephony this 
kind of phase shift is relatively unimportant. Here we have an 
evident advantage in transmitting both side bands since they 
support each other's frailties. But if the two side bands suffer 
phase shifts in transmission, as we have earlier shown may be 
produced by wave interference, such that Ф, and Ф, differ by z 
radians or 180 degrees, the two components will cancel each 
other provided their amplitudes A; and А, remain equal. In 
other words, all three components—carrier and both side bands— 
may arrive at the receiver with full amplitude and yet no signal 
will be detected from them except a second harmonie component. 
This is obviously а disadvantage of transmitting both side bands 
since, at such an instant, if one of them were eliminated, the 
signal would reappear. 

We conclude that there is, on the basis of such a brief analysis, 
not much to choose between single side-band and double side- 
band transmission when the carrier is transmitted also. 

But if we wish to realize the advantages of carrier suppression, 
a choice is not difficult. A carrier suppression system in which 
both side bands are transmitted requires that the replacement 
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of the carrier at the receiving station be done with almost abso- 
lute accuracy as to frequency and phase, а thing which involves 
very serious practical problems. Оп the other hand, if but a 
single side band is transmitted, the difficulty is reduced to placing 
the carrier within a very few cycles of its correct position. The 
allowable departure will depend on a number of things, but there 
is reason to believe that for high quality transmission it must be 
very small, perhaps no greater than two or three cycles. 

With the single side-band carrier suppression method, in- 
vented by John R. Carson, the radiation is stripped down to the 
minumum, which will fully transmit the telephonic signals, and 
this reduces to а minimum the exposure of the signals to the 
ravages of selective fading. Ifthe spacing interval of the fading is 
relatively narrow, as in the cases we have examined hereinbefore, 
this form of transmission would not fade seriously in average vol- 
ume, but would be subjected to а continual changing of its fre- 
quency-amplitude characteristic,that istosay, individual frequency 
components would fade progressively as the minima of the selec- 
tive fading wandered back and forth across the frequency range 
encompassed by the single side band. If the spacing interval of 
the fading were very large so that the minima were very broad 
or if some other at present unexplored form of fading which 
covers a wide band at one time were acting, the signal would fade 
in average volume, but the range of its variation would be only 
the square root of that of a carrier transmitted signal, since only 
the side band would fade and the locally supplied carrier would 
remain unchanged. | 

The extent to which these theoretically drawn conclusions 
шау be realized in practical application is vet to be determined, 
but we have a few records bearing upon the matter which at 
least do not run contrary to them. 

All of the transmission tests where the radio signal was beat 
with a local oscillator and the detected beat note observed, were 
equivalent to single frequeney single side-band transmission with 
carrier suppression, the loeal oscillator functioning as the carrier 
suppressed at the transmitter. In this ease, for which a number 
of records have already been shown, the detected. signal is in 


proportion to the product of the amplitudes of beating oscillator 
The phase of either does not affect 


and received. radio signal. 
Henee the only important 


the ampltude of the audio signal. 
modification of the original signal is the variation in the amplitude 
resulting from selective fading. 


Unfortunately, we have no records іп which a direet. com- 
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parison is made between single side-band transmission with and 
without carrier suppression, but the case can be visualized from 
the record shown in Figure 12 or 13. Here each one of the fre- 
quencies recorded may be looked upon as a single side-band 
frequency which has been detected through the agency of the 
resupplied carrier of the beating oscillator used to bring them 
down to audio frequency. If now we were to take two of these 
frequencies shown on the record and multiply their amplitudes 
together at each point, we would obtain the amplitude of the 
signal which would result if one of them were a single side band 
and the other its accompanying carrier. It is obvious that the 
fading variations would thereby be increased in amplitude and 
rapidity. 

In order to obtain а comprehensive pieture of the relative 
advantages of radio transmission using a carrier and one side band 
as compared with the common practice of transmitting both 
side bands, the following tests were made. ‘The schematic dia- 
gram of the circuit arrangement Is shown in Figure 49. At the 
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Figure 49—Diagram of System Used to Obtain Records of Trans- 
mission with Carrier and One Side Band and Carrier and Both Side-Bands 


transmitter the carrier and both side bands are transmitted, and 
at the receiver they were sclected out by means of filters in the 
manner previously explained. The signals from the filters corres- 
ponding to the carrier and lower side band were applied to the 
input of a detector circuit and from its output the detected dif- 
ference signal was selected by a low-pass filter. This signal was 
equivalent to that which would be received if only the carrier 
and one side band were transmitted. From the output of the 
radio receiver a branch circuit goes to a low-pass filter which 
transmits only the signal detected from the carrier and both 
side bands, suppressing from this cireuit the higher frequenev 
signals corresponding to carrier and side bands produced by the 
beating oscillator and received signals. 


тш E 
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By making simultaneously a record of these two signals a 
direct comparison is obtained of the effect of selective fading on 
their amplitudes. Figure 50 shows samples of several such 
records made at Riverhead, L. I. The modulating frequency for 
strips 1, 2 and 3 18 250 cycles, and for strips 4 and 5, 500 eveles. 
The record on strip 3 is shown on account of the peculiar charac- 


teristic of the signal fading, for considerable periods of time 
remaining at relatively low amplitude. In these oscillograms 


the upper trace is the record of the signal from the carrier and 
both side bands, and the lower trace the signal from the carrier 
and lower side band. 

These records illustrate by giving a graphic comparison the 
effect of the phase changes of the component signals in the case 
where the signal is detected from both side bands. The amplitude 
of the signal from both side bands 1n some instances is very small, 


but appreciable amplitude is still indicated at the same instant 


for the signal from one side band. This is explained as meaning 


that the side-band phases were such as to make the component 
signals 180 degrees out of phase after detection and that the 
amplitudes of the components were practically equal. Тһе 
reverse situation 1s also observed where the amplitude of the 
signal detected from the lower side band is zero and appreciable 
signal is recorded for the case where both side bands are used. 


This is interpreted to mean that the side-band signal was elimin- 
ated by selective fading. In this event it was, of course, not 
contributing to the signal which was detected from both side-band 
signals. The recorded signal comes from the other side band 
which evidently was not eliminated at that instant by selective 
fading. 

Visual observations made with the cathode ray oscillograph, 
which unfortunately furnishes no permanent record of transient 
effects, confirmed the strip records in regard to the reality of 
there being side-band phase variations. From equation (17). 1t 
is seen that if these variations oceur, the fundamental of the 
detected tone signal at the receiver will not bear a fixed phase 
relation to that detected from the transmitting antenna current, 
while if there are no such changes the phase between these two 
The locally detected tone and the 


tones would гета constant. 
tone detected from the transmitting antenna current and brought 


to the receiving station over telephone wires, were applied to the 
two pairs of deflecting plates in the cathode гау oscillograph. 
Since the deflections caused by these two pairs of plates are at 
right angles to each other, the resulting Lissajous figure from two 
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ine waves of the same frequency will be a slanting line, an ellipse 


or a circle depending on their phase and amplitude relation. 


The actual figures were ob 
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and rapidity of the fading. The effect of amplitude changes on 
such figures is quite distinct from the effect of phase changes, and 
there was no difficulty in separating out the evidence of large 
phase changes. | | 

Considering only the above theories and facts, there appears 
to be а reasonable basis for a conclusion that the best form of 
radio transmission for use in broadeasting is single side band 
with carrier suppression. But on practical grounds we do not 
believe such a conclusion is justified. The fading and distortions 
which we have made much of in the preceding pages are not 
experlenced by the majority of broadcast listeners when they 
listen to local stations. To require these listeners to provide 
themselves with more complicated and expensive receivers, 
simply to allow more distant or less favorably situated listeners 
to obtain better reception, seems neither reasonable nor desirable. 
The art offers several other possible avenues toward improve- 
ment much less difficult of application and it must be remembered 
that radio broadcasting is already reaching a degree of stan- 
dardization and a volume of existing receiving equipment which 
rules that changes must come slowly and without serious preju- 


dice to the existing order. 
CONCLUSIONS 
Subject to the limitations imposed by the scope of our inves- 


tigations the following conclusions may be drawn: 
Fading can be quite sharply selective as to frequency and the 


evidence points toward wave interference as the cause. 

The evidenee for wave interference indicates that some of the 
energy of received signals reaches its destinations by a circuitous 
route and suggests that this route is by way of upper atmospheric 


regions. 
Quality distortion may result from dynamic instability of 


the transmitter. 
Fixed wave interference patterns in connection with shadows 


sometimes exist in daytime transmission. 


SYNOPSIS: The paper is based on radio transmission tests from station 
2XB in New York City to two outlying field stations. It is a detailed study 
of fading and distortion of radio signals under night-time conditions in a 
particular region which may or may not be typical. 

Night-tiine fading tests using constant single frequencies and bands of 


frequencies in which the receiving observations were recorded by oscillograph 
By selective fading it is meant that differ- 


show that the fading is selective. 
ent frequencies do not fade together. From the regularity of the frequency 


relation between the frequencies which fade together it is concluded that 
the selective fading is caused by wave interference. The signals appear to 
reach the receiving point by at least two paths of different lengths. The 
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paths change slowly with reference to each other, so that at different times 
the component waves add or neutralize, going through these conditions 
progressively. The two major paths by which the interfering waves travel 
are calculated to have a difference in length of the order of 135 kilometers for 
the conditions of the tests. Since this difference is greater than the distance 
directly from transmitter to receiver, it is assumed that one path at least 
must follow а circuitous route, probably reaching upward through higher 
atmospheric regions. Various theories to explain this are briefly reviewed. 

The territory about one of the receiving test stations in Connecticut is 
found under daytime conditions to be the seat of a gigantic fixed wave inter- 
ference or diffraction pattern caused in part by the shadowing of a group of 
high buildings in New York City. The influence of this pattern on night- 
time fading is discussed. It is considered a contributing but not the controll- 
ing effect. 

Tests using transmission from an ordinary type of broadcasting trans- 
mitter show that such transmitters have a dynamic frequency instability or 
frequency modulation combined with the amplitude modulation. At night 
the wave interference effects which produce selective fading, result in distor- 
tion of the signals when frequency modulation is present. It is shown that 
stabilizing the transmitter frequency eliminates this distortion. А theory 
explaining the action is given. The distortions predicted by the theory check 
with the actual distortions observed. 

A discussion of ordinary modulated carrier transmission, carrier sup- 
pression, and single side band transmission is given in relation to selective 
fading. It is shown that the use of a carrier suppression system should reduce 
fading. 
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THE PRESENT STATUS OF RADIO ATMOSPHERIC 
DISTURBANCES* 


BY 
L. W. AUSTIN 


(LABORATORY FOR SPECIAL RabIO TRANSMISSION RESEARCH) 


(Conducted jointly by the Bureau of Standards and the American Section of 
the International Union of Scientific Radio Telegraphy) 

Our knowledge concerning the atmospheric disturbances 1s 
still very meager. The observed facts may be cataloged as 
follows: (1) In general, atmospherics are stronger at the longer 
wave lengths. (2) Except for the effects of local storms, they are 
nearly always stronger in the afternoon and night, while for the 
higher frequencies this increase in strength is confined usually 
to the night alone. (3) They are stronger in summer than in 
winter, (4) in the south than in the north, and (5) on the land 
than on the ocean. (6) A large proportion of them appear to be 
directive; that is, to come from definite regions, or centers, as 
mountain ranges, rain areas, or thunderstorms. It is also reason- 
ably certain that (7) at least most of the long-wave disturbances 
travel along the earth with a practically vertical wave front;! 
like the signals; (8) that а considerable portion are oscillatory in 
character, though & certain portion are non-oscillatory and give 
rise to shock oscillations in the antenna at all wave lengths; and 
(9) that disturbances sometimes occur simultaneously at stations 
thousands of miles apart.? 

The origin of the ordinary rumbling disturbances dE 
has been the subject of many conjectures. Eccles? believed at 
one time that he had found the source of this type of disturbance, 
as far as England was concerned, in distant thunderstorms, espe- 


*Presented at the annual meeting of the Section of Terrestrial Magnetism 
and Electricity of the American Geophysical Union, Washington, D. C., 
April 30, 1925. 

Published by permission of the Director of the Bureau of Standards of 
the U. S. Department of Commerce. 

Received by the Editor, October 28, 1925. 

! Jnl. Wash. Acad. Sci., volume 11, page 101, 1921. 

з M. Baumler, Jahrb. d. Drahtlosen Teleg., volume 19, page 325; 1922. 
This matter of simultaneous crashes needs further inv estigation since a certain 
number of such coincidences may evidently occur by chance. 

3 Electrician (London), volume 69, page 75; 1912. 
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cially in Western Africa. DeGroot* has suggested that the 
grinders are due to the bombardment of the upper atmosphere 
by electrons from the sun or charged cosmic dust. The idea that 
this type of disturbance comes in some way from above has also 
been held by Weagant.*5 Mosler,’ while ascribing the disturbances 
to thunderstorms, concluded in eontradiction to the ideas of 
Eccles, that thunderstorms could give rise to atmospherics only 
over a radius of about 60 miles. This limitation in distance was 
very probably due to insensitive apparatus. А very systematic 
study of thunderstorms and atmospherics, undertaken by the 
British Meteorological Office and the Admiralty, has apparently 
settled the fact that thunderstorms can be located with modern 
apparatus up to about 1,500 miles.’ 

There is still much difference of opinion as to the proportion 
of atmospherics which is due to thunderstorms. Professor 
Appleton, at a symposium? on atmospheric ionization and radio- 
telegraphy, November 28, 1924, expressed the opinion that prac- 
tically all atmospheric disturbances might be produced by thun- 
derstorms somewhere in the world. 

It is undoubtedly true that thunderstorms produce many 
atmospherics, but it is not by any means certain that the light- 
ning flashes themselves are always the actual sources. There 
is a widely prevailing idea among radio operators that the light- 
ning flash often produces only a harmless click in the telephone 
receivers. I have made some observations during thunderstorms, 
using a coupled circuit with rectifying vacuum tube and galvan- 
ometer, which indicated that lightning flashes, even within three 
or four miles, were not as powerful in their effects on the receiving 


* apparatus as many of the disturbances which occurred when no 


flashes were apparent. This comparatively feeble effect of the 
flashes is difficult to understand if the current rise at the beginning 
of the flash is as steep as is often assumed, but would be under- 
standable if the lightning discharge curves were of the form and 
duration of the atmospheric disturbance curves observed by 
Appleton and Watt (Figures 1 to 5). On the other hand, it is 
quite possible that the small deflections from the lightning 
flashes were due to a paralysis of the detector tube, a phenomenon 
which often occurs when the tube is exposed to very high electro- 


*PRocEEDINGS OF THE INSTITUTE OF Rapio ENGINEERS, volume 5, 


page 75; 1917. 
$ PRocEEDINGS OF THE INSTITUTE оғ Rapio ENGINEERS, 7, page 207; 


19. 
* Elektrot. Zeits., page 1134; 1912. 
7 World Power, volume 3, page 20; 1925. 
8 Proc. Phys. Soc., London, volume 37, Page 2D-50D (appendix), 1925. 
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motive forces. It must, therefore, be concluded that the connec- 
tion between lightning and atmospherics is still not clear, and 
valuable work can be done by anyone who will watch the light- 
ning and listen to the atmospheric crashes from thunderstorms in 
the neighborhood. 
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At the London Physical Society symposium already men- 
tioned, Professor C. T. R. Wilson discussed the probability of 
there being discharges of thunderclouds to the upper conducting 
region of the atmosphere. His calculations indicated that 
thunderclouds of common electric moment might very readily 
discharge to a conducting layer at a height of 60 or 80 kilometers, 
since the electric force required to produce discharge decreases 
even more rapidly with the height than the electric force of the 
thundercloud. Discharges of this kind, probably non-luminous, 
may possibly furnish the explanation of the strong atmospherics 
heard from thunderclouds when no flashes are visible. 
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Mr. Watson Watt, in analyzing the records of European® 
direction-finding stations, concluded that in only about 35 per- 
cent of the cases could thunderstorms be identified as the sources 
of atmospheric disturbances, though in about 75 percent ‘of the 
cases the identified sources were rain areas of some kind. 


* Nature, 110, page 680, 1922. 
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Captain Bureau’ of the French Meteorological Office ha: 
recently published papers in which he shows that many of the 
atmospheric disturbances in France are closely connected with 
the advance of meteorological cold fronts and that the atmos- 
pherics are accentuated when these air movements come in con- 
tact with mounted ranges. 

For the determination of the direction from which atmos- 
pheric disturbances come, Mr. Watt!! has invented an automatic 
recording apparatus in which a radio compass coil, tuned to 
about 30,000 meters, is rotated slowly and continuously by clock- 
work, the atmospheric crashes being recorded on a drum attached 
to the coil. 

It should be said in this connection that it has been very 
common in Europe to estimate the strength of atmospherics by 
the number of disturbances occurring in a given time. This 
method, of course, would hardly seem to be applicable to our 
Washington summer conditions, or to the conditions during the 
disturbance season in the tropics, where often in the afternoons 
and evenings the noise in the telephones forms an almost con- 
tinuous rumbling through which no signal can be heard unless 
it is strong enough to rise above the background of disturbing 
sounds. 

If, indeed, there is a physical difference between the atmos- 
pherics, crashes, grinders, etc., it is not at all certain that what is 
being measured in Europe by the counting method is the same 
thing that is being measured in America, either by direct estimates 
of the average disturbance strength, or by measuring the strength 
of signal which can be read through the disturbances. 

On the Atlantic and Pacific coasts of the United States, except 
for occasional local thunderstorms, very little certain connec- 
tion has been noticed between the direction of the atmospheric 
disturbances and rain areas. On the Atlantic coast, the main 
disturbances seem to come roughly from the southwest, but it 
seems uncertain whether the sources are in the Allegheny Moun- 
tains or much farther removed, perhaps in Yucatan. Ехрегі- 
ments reported by the Navy Department in New Orleans have 
indicated the more southerly origin. 

Unfortunately, very few triangulation experiments have been 
made in America for fixing the exact positions of sources of atmos- 
pherics. In most cases, therefore, the direction is all that is known. 

10 (;.-В. Acad. Sci., volume 176, page 546 and page 1623, 1924; L'Onde 


Electrique, volume 3, page 385, 1924. | 
п Proc. Roy. Soc., А, volume 102, page 460, 1923; and Phil. Mag.. volume 


45, page 1010, 1925. 
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Observations made at Madison, Wisconsin, by Professor 
Terry of the University of Wisconsin, covering the last two years, 
show conditions in the Middle West which are similar to those 
described by the continental European observers; that is, there 
is no single prevailing direction of the atmospherics, but a more 
or less definite connection with thunderstorms and other rain 
areas. This absence of any prevailing southerly source of atmos- 
pherics in the central portion of the country casts doubt on the 
Mexican origin of those observed in the Atlantic Coast region, . 
since the distance from Yucatan to Madison, Wisconsin, is 
about the same as from Yucatan to Washington. 

On the Pacific Coast of the United States it is pretty well 
established that at least at San Francisco and San Diego the 
sources of disturbance are largely local, lying in the mountain 
ranges not far from the coast. These centers seem to be per- 
manently fixed, resulting in very constant directional conditions. 

It seems to be pretty well settled, in all parts of the world 
where observations have been made, that there is a very definite 
connection between the intensity of the disturbances and the 
position of the sun. In the northern hemisphere during the win- 
ter when the sun is far in the south, the disturbances are generally 
moderate even as far south as Panama, within 9 degrees of the 
equator. But as the sun comes north in the spring, there is often 
a rapid and, sometimes, very sudden increase in strength, and it 
13 reported that stations close to the equator experience two dis- 
turbance maxima, corresponding to the two periods when the 
sun is nearly overhead. - 

In addition to the study of the sources of the disturbances, 
the question of their wave form is of much importance. Messrs. 
Watt and Appleton’? in England, working under the Radio 
Research Board, have made some investigations of this problem, 
making use of the cathode-ray oscillograph (Braun tube). In 
their work the atmospheric disturbance, after being received on 
an aperiodic antenna and amplified by an aperiodic resistance- 
coupled amplifier, was impressed on one pair of plates of the oscil- 
lograph, while a source of 60-cycle current was connected to the 
other pair of plates for the purpose of drawing out the spot of 
light into a line on the fluorescent screen. The resulting move- 
ment of the spot of light could not be photographed, but could be 
observed and sketched with some accuracy. Five typical curves 
are shown in the figures. Most of these appear to be aperiodic 
though some are feebly oscillatory. 

13 Proc. Roy. Soc., A, volume 103, page 84, 1923. 
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In Figure 3 it is seen that there are minute oscillations super- 
posed on the main curve. It will be noted that the period of the 
main oscillation is, in all cases, of audio frequency; and Ecklers- 
ley!? has pointed out recently that the relatively prolonged im- 
pulses of Watt and Appleton cannot account for the observed 
intensity of the atmospherics ordinarily experienced in radio 
reception. Не suggests that possibly the ripples, such as are 
shown in Figure 3, may be the actual atmospheric waves. Mr. 
Watt in the symposium cited accepts this view and adds that 
more recent experiments in Egypt and elsewhere in the tropics 
show that there the fine ripple structure is much more common 
and of much greater amplitude than in England. Professor 
Appleton, on the other hand, holds that the low-frequency wave 
forms shown in the figures are capable of producing the observed 
disturbances at all wave lengths by shock excitation. 

In conclusion, the differences of opinion mentioned in this 
paper show that there is still much to be done before the sources 
of the disturbances are identified with certainty. While many 
of the atmospherics undoubtedly come from thunderstorms, 
many appear to come from regions where no such storms are 
occurring. It is also believed that even in thunderstorms some 
of the heaviest disturbances do not come from the lightning 
itself, but the nature of these non-luminous sources of such great 
power is still а matter of conjecture. 

Bureau of Standards, 
Department of Commerce, 
Washington, D. C. 


SUMMARY : The paper gives a résumé of our present knowledge concerning 
atmospheric disturbances. It is found that in Europe about thirty percent of 
these come from thunderstorms, while 75 percent are associated with rain 
areas of some kind. Inthe United States, near the Atlantic Coast, distur- 
bances in general come from the southwest, while on the coast of California 
they come from permanent centers in the neighboring mountains. In the 
Middle West the direction is variable, depending on thunderstorms, rain areas, 
etc. In England, cathode-ray oscillograms have been taken of the atmos- 
pherics. The main disturbance is of audio frequency and usually aperiodic. 
Some of the curves show high-frequency ripples on the main waves. These 
may be the real sources of atmospheric troubles. 


13 Electrician (London), volume 93, page 150. 1924. 


DIGESTS OF UNITED STATES PATENTS RELATING TO RADIO 
TELEGRAPHY AND TELEPHONY* 


Issued November 3, 1925—December 29, 1925 


By 
JOHN B. BRADY 


(Patent Lawyer, Ouray Building, Washington, D. C.) 


1,559,723—F. E. MANN, Cherrydale, Virginia. Filed December 10, 1923, 
issued November 3, 1925. 
CRYSTAL DETECTOR, where a crystal holder is arranged to be 
mounted adjacent a panel and an adjustable arm mounted within the 
panel and controllable from the front thereof for properly setting the 
detector. 

1,559,743—H. J. J. M. DeBELLESCIZE, Paris. France. Filed August 29, 
1921, issued November 3, 1925. 
RADIO RECEIVING SYSTEM for reception of continuous wave signals 
without a heterodyne in which a periodic antenna is provided with a 
tuned and detuned receiver associated tberewith, the receiver being 
differentially coupled with an indicating device for securing response to 
the continuous wave signaling energy. 

1,559,776—H. S. READ, New Haven, Connecticut. Filed December 9, 1919, 
issued November 3, 1925. Assigned to Western Electric Company. 
THERMIONIC REPEATER OR OSCILLATOR CIRCUITS, in which 
an electron tube having a heated cathode and a controllable cathode heat- 
ing circuit is provided with means for maintaining the energization of the 
cathode heating circuit at a predetermined value for a desired condition 
of oscillation of the circuit. 

1,559,802—G. H. STEVENSON, Rye, New York. Filed May 16, 1921, 
issued November 3, 1925. Assigned to Western Electric Company. 
ELECTRICAL SWITCHING CIRCUITS, whereby inductance and 
capacity changes in a circuit may be conducted simultaneously. 

1,559,869—R. V. L. HARTLEY, East Orange, New Jersey. Filed September 
23, 1919, issued November 3, 1925. Assigned to Western Electric Com- 
pany. 
SELECTIVE CURRENT PRODUCTION AND AMPLIFICATION 
by means of electron tubes in which a harmonic producer having an out- 
put circuit and a control circuit is provided with a plurality of selective 
paths in said output circuit and an individual coupling between each of 
the selective paths and the contro] circuit. Harmonics of different fre- 
quencies are developed from a given space frequency. 

1,559,974—G. J. MULLIGAN, Columbus, Ohio. Filed March 8, 1924, issued 
November 3, 1925. | 
VARIABLE ELECTRIC CONDENSER, in which a tank containing 
mercury has its mercury content displaced by the lowering of an adjus- 
2. member therein for varying the capacity with respect to an outer 
plate. 

1,559,992—W. SCHAFFER, Berlin, Germany. Filed August 18, 1922, issued 
November 3, 1925. Assigned to Gesellschaft fur Drahtlose Telegraphie. 
ARRANGEMENT FOR FREQUENCY TRANSFORMATION PAR- 
TICULARLY FOR OPERATING RELAY STATIONS, in which an 
electron tube circuit is operated at a receiver by incoming signaling energy 
and the output circuit of the tube system arranged to control the grid 


*Received by the Editor, January 16, 1925. 
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potential of the transmission system for reradiating the received signaling 
energy. 


1,560,056—J. W. HORTON, Bloomfield, New Jersey. Filed May 1, 1923, 
issued November 3, 1925. Assigned to Western Electric Cornpany. 
SOURCE OF WAVES OF CONSTANT FREQUENCY, in which a tun- 
ing fork having a fundamental frequency equal to the frequency of the 
generator is arranged for controlling the operation of a synchronous motor 
so as to operate in synchronism with the generator for performing various 
purposes where constant frequency is required. 


1,560,206—E. L. CHAFFEE, Belmont, Massachusetts. Filed April 25, 1918, 
issued Novernber 3, 1925. Assigned to John Hays Hammond, Jr. 
METHOD AND SYSTEM FOR THE TRANSMISSION OF КА- 
DIANT ENERGY and the reception of signaling energy where the de- 
tector is protected against excess static effects by means of parallel 
arranged tubes in circuit therewith. 


1,560,310—C. PFANSTIEHL and W. O. BELL. Highland Park, Illinois. 
Filed January 2, 1924, issued November 3, 1925. Assigned to Pfanstiehl 
Radio Company. 
GRID LEAK CONDENSER, in which alternate dielectric and con- 
ductive plates are provided with apertures in the dielectric plates through 
which a grid leak passes in parallel with the conductive plates. 


1,560,390--). а. LIEBEL and E. S. FLARSHEIM, of Cincinnati, Ohio. 
Filed September 24, 1923, issued November 3, 1925 
SPARK GAP for high frequency discharge circuits in which a plurality 
of spark gaps are adjustably arranged in a frame with means for prevent- 
ing excess heating of the gaps. 


1,560.431—А. SCHMIDT, JR., Schenectady, New York. Filed July 3, 1923, 
issued Novernber 3, 1925. Assigned to General Electric Company. 
SIGNALING SYSTEM, in which an electron tube oscillator is modulated 
by means of an auxiliary tube system which is varied in resistance in 
accordance with a simultaneous change in negative potential upon the 
grid of the oscillator tube for the production of signals. 


1,560.690—W. G. HOUSEKEEPER, New York. Filed April 21, 1923, issued 
November 10, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the plate is formed in 
the shape of a depending metallic cup sealed to the glass container and 
enclosing the other electrodes within the tube. 


1,560,691—W. G. HOUSEKEEPER, New York. Filed May 28, 1923, issued 
November 10, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the filament is тат- 
tained taut by means of a spring carried by an insulated member which 
extends across the top of all of the electrodes. 


1,560,692—W. а. HOUSEKEEPER, New York. Filed June 13, 1923, issued 
November 10, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the anode is formed by 
a pair of plates Joined at their outer edges and locked together to form a 
substantially continuous plate member. 


1,560,737 —P. SCHWERIN, New York. Filed May 22, 1923, issued Novem- 
ber 10, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, where an insulated block is pro- 
vided across the top of the tube electrodes with a tubular member passing 
therethrough and supporting a spring device by which the cathode is 
maintained under tension. 


1.560,740—]. L. STELLING, New York. Filed July 22, 1923, issued Novem- 
ber 10, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the electrodes are sup- 
ported by means of a collar which embraces the re-entrant stem of the 
tube where the stem is sand blasted or roughened to insure a good support 
for the tube electrodes. 
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1,560,761—1.. COHEN, Washington, D. C. Filed June 5, 1922, issued Novern- 

ber 10, 1925. | 
VARIABLE CONDENSER, where the stationary and variable 

plates of the condenser are varied in special relationship by axial move- 
ment of a central shaft. 

1,560,854—J. H. PRESSLEY, Oceanport, New Jersey. Filed October 16, 
1924, issued November 10, 1925. 
RADIO RECEIVING APPARATUS, in which the circuits of an electron 
tube oscillator are balanced by a mesh circuit or wheatstone bridge so 
that the tuning of the receiving circuit does not affect the tuning of the 
local oscillator circuit in a continuous wave receiver. 

1,560,911—C. F. M. HAYES and L. GRINSTEAD, London, England. Filed 
February 10, 1923, issued November 10, 1925. Assigned to Mullard 
Radio Valve Company, Limited. 
VACUUM TUBES where the electrodes are mounted from a band which 
encircles the stem within the tube, the band being wedged against the 
stem to insure rigid support for electrodes. 

1,561,001--І. LANGMUIR, Schenectedy, New York. Filed February 7, 
1921, issued November 10, 1925. Assigned to General Electric Company. 
ELECTRIC OSCILLATOR of the two-electrode variety in which a 
cathode and anode are sealed within a vessel filled with an inert gas at a 
pressure of the order of 0.005 to 0.075 millimeter of mercury. 


1,561,228—J. H. HAMMOND, JR., Gloucester, Massachusetts. Filed Feb- 

ruary 16, 1921, issued November 10, 1925. 
CAPACITY COMPENSATING DEVICE for an antenna system which 
is subject to change in position. А condenser is provided with automatic 
means for varying its capacity in proportion to the variation in capacity 
of the antenna circuit, due to the movement of the antenna with respect 
to the earth. 

1,561,258—S. LOEWE, Berlin, Germany. Filed July 27, 1921, issued Nov- 

vember 10, 1925. 
PROCESS FOR TESTING SPARK STATIONS, which consists in 
connecting a direct-current instrument to a part of the system undergoing 
periodical electrical changes and observing whether the direct-current 
instrument gives a constant reading 

1,561,273—H. W. NICHOLS, Maplewood, New Jersey. Filed November 

24, 1924, issued November 10, 1925. Assigned to Western Electric 
Company. 
RADIO SYSTEM for high power speech transmission, where energy is 
supplied to rectifying devices at several thousand volts and the energy 
of the amount of 100-kilowatts or more supplied to the transmission 
circuit. The high power amplifier of the transmission system is supplied 
with direct-current potential from а two-phase alternating-current 
source and a rectifier in which the ripple component resulting from 
rectification is supplied to the space path of the amplifying tube at the 
same time that the filament electrodes of the amplifying tubes are supplied 
directly from alternating current. 

1,561,559--). О. MAUBORGNE, LOUIS COHEN and GUY HILL, Wash- 
ington, D. C. Filed April 8, 1921, issued November 17, 1925. 
ELECTRICAL SIGNALING employing wave coils upon which are 
developed wave forinations independent of undesired interference and 
the desired signaling energy selected by means of a receiving circuit 
coupled with the wave coils. 

1,561,619—R. R. BEAL, Palo Alto, California. Filed January 5. 1920, issued 
November 17, 1925. Assigned to Federal Telegraph Company. 
RADIO-TELEGRAPHY, in which an arc converter is employed with a 
signaling circuit for transmitting by means of a single wave, eliminating 
the compensating wave. 

1,561,837—J. J. DOWLING, Rathgab, Dublin. Filed July 30, 1924, issued 
November 17, 1925. 

THERMIONIC INDICATING MEANS RESPONSIVE TO LIGHT 
VARIATIONS, in which an electron tube amplifier is actuated by means 
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of variation in a source of light for actuating a relay which may be em- 
ployed to operate any desired form of circuit. 


1,561,914—H. Е. ELLIOTT and J. A. MILLER, Palo Alto, California. Filed 
January 9, 1922, issued November 17, 1925. Assigned to Federal Tele- 
graph Company. 
RADIO FREQUENCY SYSTEM employing a plurality of arcs connected 
in branch circuits of an antenna system for supplying high frequency 
energy to the antenna system with impedance in series with each arc for 
preventing cross currents between the arc. 


1,561,933—B. W. KENDALL, New York City. Filed August 7, 1918, issued 
November 17, 1925. Assigned to Western Electric Company. 
SOURCE OF ALTERNATING CURRENT of constant frequency, 
where an electron tube is provided with an oscillation circuit and the 
anti-resonant circuit for determining the frequency of the oscillations 
generated. The anti-resonant circuit contains a magnetic core inductance 
with means for excluding uni-directional current from the inductance. 


1,562,056—C. W. RICE, of Schenectady, New York. Filed April 21, 1921. 
issued November 17, 1925. Assigned to General Electric Company. 
RADIO RECEIVING SYSTEM, in which a plurality of widely separated 
receiving antennas are connected by transmission lines to a central receiv- 
ing station for avoiding interference from undesired signals and static. 


1,562,172—W. G. HOUSEKEEPER, New York. Filed August 30, 1920, 
issued November 17, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, having a plate electrode formed 
of a tubular member, through which cooling water may be circulated. 


1,562,209—B. J. EGERT and C. J. DE COSTER, of Brookfield and Moline, 
Illinois. Filed March 2, 1920, issued November 17, 1925. Assigned to 
Western Electric Company. 
VACUUM TUBE EVACUATING OVEN, in which electron tubes are 
treated during the manufacturing process. 


1,562,396—F. E. WARD, Corona, New York. Filed June 4, 1923, issued 
November 17, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the electrodes are 
supported by means of wire members provided with flat integral ears 
placed on opposite sides of a supporting plate member. 

1,562.403—]. R. WILSON, New York. Filed December 19, 1924, issued 
November 17, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the cathode is supported 
by means of a helical spring and hook device for maintaining the cathode 
under tension with respect to the other electrodes. 

1,562,485—H. A. AFFEL, Brooklyn, New York. Filed May 5, 1923, issued 

November 24, 1925. Assigned to American Telephone and Telegraph 
Company. 
MOVEMENT AND POSITION INDICATOR, by which the speed of 
a moving station with reference to two fixed stations is determined. The 
method of determing this speed consists in simultaneously receiving 
waves of the same frequency radiated between the moving station and 
each of the fixed stations respectively, producing an indication propor- 
tionate to the relative phases of the received waves, which corresponds 
to the movement of the moving station, and determining from the number 
of cycles of relative phase shift. per unit of time the number of wave 
lengths traveled by the moving station within that unit of time. 

1.562,629—H. GERNSBACH, New York City. Filed September 27, 1923. 
issued November 24. 1925. 

VARIABLE CONDENSER. in which a flexible metallic plate is adjusted 
with respect to a flat metallic plate, for varying the mutual capacity 
therebetween. 

1,562.812—H. TRESS, Camp Alfred Vail, New Jersey. Filed March 26, 1924, 
issued November 24, 1925. 

VARIABLE CONDENSER, in which the rotor and stator plates are 
aligned relative to each other by pin connectors extending into aligned 
sockets in each of the plates. 
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1,562,820--). B. BRADY, Somerset, Maryland. Filed August 22, 1923, 
issued November 24, 1925. Assigned to Morkrum Company. 
RADIO RECEIVING SYSTEM employing an automatic printer 
recorder by which signals are received and directly transcribed in print 
for transmission and reception of print by radio. 

1,562,877—W. а. ELLIS, Philadelphia, Pennsylvania. Filed June 16, 1922, 
issued November 24, 1925. 
RADIO RECEIVING SYSTEM, in which a loop receptor is employed 
with a circuit for improving the null or minimum point of reception in 
the receiving circuit for increasing the efficiency of the loop as a direction 
finder. 

1,562,952—L. F. FULLER and G. C. SWEET, of Palo Alto, California and 
Waterloo, New York, respectively. Filed March 16, 1921, issued Novem- 
ber, 24, 1925. Assigned to Wireless Improvement Company. 
ARC CONVERTER, which is operated in polyphase, for the transmission 
of high-frequency signals. 

1,562,961—R. A. HEISING, Milburn, New Jersey. Filed May 16, 1921, 
issued November 24, 1925. Assigned to Western Electric Company. 
DIRECTIVE RADIO TRANSMISSION SYSTEM, where a long 
horizontal antenna is employed, which is progressively loaded for causing 
the antenna to radiate a uniform quantity of supplied energy per unit 
length of the antenna. 


1,563,416—H. M. WOLFSON, New York City. Filed June 19, 1922, issued 
December 1, 1925. 
VARIABLE CONDENSER, where the movable plates are helically 
formed and are advanced or retracted in an axial direction with respect 
to the rotor plates. 

1,563,425—R. E. MARBURY, Edgewood Park, Pennsylvania. Filed June 
17, 1920, issued Deceinber 1, 1925. Assigned to Westinghouse Electric 
& Manufacturing Company. 
RADIO RECEIVING SYSTEM, in which a local source of current of 
audible frequency is connected in circuit with a device so adjusted as to 
establish parallel resonance, one of the resonating elements embodying 
the audion bulb or amplifying device, the effect of the parallel resonance 
being to substantially prevent the flow of currents of audible frequency 
through the receiving device. Upon the occurrence of an incoming signal, 
the impedance of the amplifying device is modified and, conseguently, 
the condition of parallel resonance is partially or wholly destroyed. As 
a consequence, currents of audible frequency traverse the receiving 
device, and clear and easily readable signals are produced therein. 


1,563,440—A RUSSELL, Baltimore, Maryland. Filed February 3, 1925, 
issed Decernber, 1, 1925. Assigned to Russell Radio Corporation. 
VARIABLE CONDENSER, in which the plates are arranged in the form 
of concentric cylinders, which may be axially adjustable with respect 
to each other. 


1,563,557— W. W. COBLENTZ, Washington, D. C. Filed September 18, 
1923, issued December 1, 1925. 
OPTICAL MEANS FOR RECTIFYING ALTERNATING CUR- 
RENTS, where a substance having inherent unidirectional selective 
conductivity when exposed to light is subjected to light rays for rectifying 
an alternating-current source. 

1,563,620—W. S. GORTON, East Orange, New Jersey. Filed May 4, 1921, 
issued December 1, 1925. Assigned to Western Electric Company. 
OSCILLATION GENERATOR, having means for predetermining the 
amplitude of the oscillating current produced by the generator, and also 
automatically operative to substantially жыны variations in the 
amplitude of said current. 

1,563,644—H. W. NICHOLS, Maplewood, New Jersey. Filed December 13, 
1924, issued December 1. 1925. Assigned to Western Electric Company. 
WAVE RECEIVING SYSTEM, in which both the sum and difference 
components of the incoming signal wave and a locally generated oscilla- 
tion, i. e., the sum and difference components resulting from intermediate 


144 BRADY: DIGESTS OF U. S. RADIO PATENTS 


frequency detection are selected, separately detected, and combined in a 
receiver. 


1,563,709—P. С. JACOBSON, Chicago, Illinois. Filed January 19, 1925, 
issued December 1, 1925. 
ELECTROSTATIC CONDENSER construction where the rotor and 
stator plates are secured by clamping finger supports which extend 
between notched-out edges of the rotor or stator plates. 


1,563,754—M. LATOUR, Paris, France. Filed August 19, 1921, issued 
December 1, 1925. Assigned to Latour Corporaticn. 

ELECTRICAL CONDENSER of the fixed type where the conductive 
plate is bent into a U shape on opposite sides of an intermediate plate 
separated, therefrosn by dielectric. 

1,563,758--). F. LINDBERG, Chicago, Illinois. Filed July 5, 1922, issued 
December 1, 1925. Assigned to Reliance Die and Stamping Company 
CONDENSER of the variable type, where micrometer adjustment of 
capacity may be obtained by shifting the rotor by means of an auxiliary 
cam after an initial setting thereof. 


1,563,893—S. COHEN, Brooklyn, New York. Filed March 14, 1925, issued 
December 1, 1925. Assigned to General Instrument Corporation. 
MULTIPLE VARIABLE CONDENSER, in which a plurality of con- 
denser elements are mounted on the same shaft and carried in the same 
condenser frame for simultaneous tuning of several electrical cirucits. 


1,563,958—J. B. BRADY, Somerset, Maryland. Filed December 28, 1921, 
issed December 1, 1925. Assigned to Morkrum Company. 
RADIO RECEIVING SYSTEM, in which automatic printers are used 
for setting down received signal impulses directly in print at a radio 
receiving station. 


1,564,070—H. K. HUPPERT, San Francisco, California. Filed January 19, 
1923, issued December 1, 1925. 
- RADIO VACUUM TUBE, in which the electron flow is varied by means 
of a magnetic field. 


1,564,209—1.B. CRANDALL, Wyoming, New Jersey. Filed June 9, 1921, 
issued December 8, 1925. Assigned to Western Electric Company. 
ELECTRICAL CIRCUITS FOR THE PRODUCTION OF MUSICAL 
TONES, for testing sensitiveness of the ear to sound. 


1,564,627—H. J. ROUND, London, England. Filed March 31, 1920, issued 
December 8, 1925. Assigned to Radio Corporation of America. 
RADIO TELEGRAPH AND TELEGRAPH TRANSMISSION, 
wherein a thermionic valve has a rapidly fluctuating voltage of square 
wave form applied to it and the energy developed in harmonics of the 
fundamental frequency is absorbed outside the device. 

1,564,641—R. T. ST. JAMES, Chicago, Illinois. Filed April 10, 1922, issued 
December 8, 1925. Assigned to Chicago Miniature Lamp Works. 
DETECTOR FOR RADIO SYSTEMS, in which a cylindrical plate 
electrode is supported by prongs which extend upwardly from the glass 
press within the electron tube. 

1,564,672—C. J. HENSCHEL, Arlington, New Jersey. Filed June 15, 1922, 
issued December 8, 1925. 
COMBINED SHIELD PLATE, DIAL AND VERNIER, where the 
rotatable dial is mounted upon a shield adjacent the apparatus panel and 
is adjusted at micrometer angular degrees for selectively setting the 
apparatus. 


1,564,694—E. H. LERCHEN, East Orange, New Jersey. Filed October 10, 
1922, issued December 8, 1925. 
SHIELD FOR AMPLIFIER OR DETECTOR TUBES, where a 
metallic shield is fitted directly over an electron tube fcr preventing 
stray electromagnetic fields from affecting the operation of the tube. 
1,564,807—E. Е. W. ALEXANDERSON, Schenectady, New York. Filed 
May 4, 1918, issued December 8, 1925. Assigned to General Electric 


Company. 
RADIO SIGNALING SYSTEM, in which an arc is mcdulated by means 
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of a control system associated with the antenna circuit, said control 
system comprising an inductance which is variable by magnetic saturation 
with means for varying the inductance to produce a substantial change 
in the effective resistance of the control system and at the same time 
maintain its resultant reactance substantially constant. 


1,564,851--А. W. HULL, Schenectady, New York. Filed November 13, 
1920, issued December 8, 1925. Assigned to General Electric Company. 
DYNATRON SYNCHRONOUS DETECTOR, in which a cathode and 
an anode are arranged within an evacuated vessel and a variable magnetic 
field produced therearound by the incoming signaling current. 


1,564,852--А. W. HULL, Schenectady, New York. Filed September 9, 1921, 
issued December 8, 1925. Assigned to General Electric Company. 
ELECTRON DISCHARGE APPARATUS, in which the current 
through the device may be controlled by means of the grid electrode to 
perform any of the functions for which a three-electrode electron tube is 
adapted. When the magnetic field produced is properly proportioned, 
the device may possess several operating advantages over three-electrode 
devices of similar type, as previously operated. When such devices are 
employed as amplifiers, the degree of amplification which may be obtained 
depends upon the slope of the curve representing the relation between 
grid potential and output current. By the use of a magnetic field control 
in conjunction with the electrostatic field control the slope of this curve 
may, over a well defined operating range of grid potential, be greatly 
increased over its value in the absence of the magnetic field. 


1,564,940—F. S. CHAPMAN, Greensburg, Indiana. Filed November 12, 
. 1919, issued December 8, 1925. 
METHOD OF DETECTING THE PRESENCE AND APPROXI- 
MATE LOCATION OF METALLIC MASSES by balancing a receiving 
system with respect to directively propagated signaling energy which is 
reflected by the hidden metallic masses which are to be discovered. 

1,565,088—J. O. GARGAN, Brooklyn, New York. Filed September 22, 1922, 
issued December 8, 1925. Assigned to Western Electric Company. 
CONDENSER, in which the rotor plates are cast integral and move 
between stator plates which are also formed integral as a casting and 
where the rotor plates are tapered for securing a particular law of capacity 
variation. | 

1,565,092—Н. С. HARRISON, Ром Washington, New York. Filed June 23, 
1921, issued December 8, 1925. Assigned to Western Electric Company. 
ATTACHMENT FOR OSCILLATION GENERATORS for mechani- 
cally controlling the selection for a desired frequency in an oscillation 
generator system. 

1,565,150--). W. HORTON, Bloomfield, New Jersey. Filed July 9, 1923, 
issued December 8, 1925. Assigned to Western Electric Company. 
OSCILLATION GENERATOR for develcping oscillations of constant 
frequency of a higher degree of purity than is obtainable from the usual 
form of cscillation generator. In accordance with one modification of the 
present invention an oscillation generator, comprising a main amplifier 
having a regenerative feed-back circuit containing an auxiliary amplifier, is 
provided with two frequency determining circuits, one in the input circuit 
of the main amplifier and the other in the input circuit of the auxiliary 
amplifier. А step-down transformer couples the output circuit of each 
amplifier with the input circuit of the other amplifier, thereby tending to 
reduce the effect of the output circuit impedance of the amplifier upon the 
frequency determining circuit of the oscillator. A relatively low resistance 
in shunt to the low voltage winding of each step-down transformer tends 
to reduce the effect upon the main frequency determining circuit of the 
transformer impedance or the impedance of circuits associated with the 
transformer. 

1.565,15] —W. а. HOUSEKEEPER, New York City. Filed December 27, 
1919, issued December 8, 1925. Assigned to Western Electric Company. 
ELECTRIC DISCHARGE DEVICE having automatic means for dis- 
connecting the plate voltage supply system when the plate temperature 
becomes excessive. 
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1,565,152--М/. С. HOUSEKEEPER, New York City. Filed November 28, 
1920, issued December 8, 1925. Assigned to Western Electric Company. 
VACUUM INSULATOR AND ITS ASSEMBLY for use in passing 
an electrical conductor through the wall of a high-power electron tube. 


1,565,157—J. B. JOHNSON, New York City. Filed April 7, 1919, issued 
December 8, 1925. Assigned to Western Electric Company. 
CIRCUIT ARRANGEMENT FOR DISCHARGE DEVICES, where a 
plurality of groups of parallel connected tubes are provided for feeding a 
common oscillation circuit. 

1,565,200—H. T. Reeve, East Orange, New Jersey. Filed October 10, 1902, 
issued December 8, 1925. Assigned to Western Electric Company. 
METHOD OF MAKING CORES FOR CATHODES OF VACUUM 
TUBES which comprises mixing metals including platinum and nickel 
and subjecting the mixture to heat treatment. 


1,565,316—W. A. EATON, Arlington, Virginia. Filed March 25, 1920, issued 
December 15, 1925. Assigned to Radio Corporation of America. 
METHOD OF AND APPARATUS FOR CONTROLLING ALTER- 
NATING CURRENTS, particularly intended for signaling by means of 
an arc where only a single wave is radiated and the compensating wave 
suppressed. A radiating circuit and an idling circuit are provided upon 
which the arcs may be alternately operated during the production of sig- 
nals without the radiation of a compensating wave. 


1,565,351—H. S. DODSON and W. H. SHIREY, Detroit, Michigan. Filed 
July 26, 1922, issued December 15, 1925. 
CONDENSER, in which a conical movable plate is arranged within 
a conical outer plate and the distance between the plates varied by axial 
movement of the condenser shaft. 


1,565,416—L. W. CHUBB, of Edgewood Park, Pennsylvania. Filed February 
14, 1921, issued December 15, 1925. Assigned to Westinghouse Electric 
and Manufacturing Company. 
ELECTRON TUBE OSCILLATOR which comprises a plurality of 
plate elements, a source of electron emission and means included in an 
oscillatory circuit whereby an electron stream may be selectively con- 
trolled to impinge upon predetermined groups of the plate elements to 
cause the oscillations in the oscillatory circuit to be sustained. 


1,565,478—D. G. LITTLE, Wilkinsburg, Pennsylvania. Filed April 6, 1923, 

issued December 15, 1925. Assigned to Westinghouse Electric and Manu- 
facturing Company. 
RADIO TRANSMITTER, including a plurality of electron tubes in wbich 
switching means are provided in the plate circuit of the tube for con- 
trolling the parallel connection of the tube for varying the effective circuit 
arrangement through said transmitting system. 


1,565,505—F. M. RYAN, East Orange, New Jersey. Filed August 14, 1924, 
issued December 15, 1925. Assigned to Western Electric Company. 
RADIO TRANSMITTER of high power in which control circuits are 
provided for starting the electron tube system by first energizing the 
cathodes of the tubes and then gradually energizing the anode circuit for 
bringing the transmitter into operating condition. 

1,565,521—)]. S. STONE апа C. C. ROSE, San Diego, California and East 
Orange, New Jersey, respectively. Filed December 8, 1920, issued De- 
cember 15, 1925. Assigned to American Telephone and Telegraph Com- 


pany. 
SECRET COMMUNICATION SYSTEM, which consists in dividing 
each of a plurality of message frequency bands into sub-bands, and trans- 
lating each sub-band into corresponding radio frequency bands. The 
radio frequency bands are so arranged that sub-bands of different mes- 
sages will be intermingled in the frequency spectrum, but may be selec- 
tively separated out for forming intelligible signals at the receiver. 

1,565,530—P. THOMAS, Edgewood, Pennsylvania. Filed August 18, 1921, 
issued December 15, 1925. Assigned to Westinghouse Electric and Manu- 
facturing Company. 
MERCURY VAPOR SPARK GAP for use in the production of high 


i 
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frequency oscillations in which an H-shaped vessel is provided having the 
lower portions of each of the uprights formed into pockets containing 
mercury with a spark discharge gap formed across the Н portion of the gap. 

1,565,544—R. BOWN, Wyoming, New Jersey. Filed September 18, 1924, 
issued December 15, 1925. Assigned to American Telephone and Tele- 
graph Company. 
RADIO TRANSMISSION SYSTEM having a circuit arranged to com- 
pensate for the changes in volume of the signaling current for maintaining 
reception at a distant station uniform regardless of variable conditions 
intermediate the stations. 

1,565,562--Т. К. GRIFFITHS, Dover, New Jersey. Filed February 21, 1925, 
issued December 15, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the filament of the 
electron tube is supported by a gripping device positioned around a central 
support through the tube. 

1,565,569—W. С. HOUSEKEEPER, New York. Filed July 21, 1922, issued 
December 15, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE of high power construction in 
which the electrodes are mounted upon a central rod and the plate is 
formed in the shape of a metallic cup sealed to the glass vessel at the base. 


1,565,570—W. G. HOUSEKEEPER, New York. Filed October 29, 1923, 
issued December 15, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE. in which the plate electrode com- 
prises a cylindrical sheet of metal with a rib extending longitudinally 
thereof and a rod passing through the rib for supporting the plate with 
respect to the other electrodes. 


1,565,595—W. О. SNELLING, Allentown, Pennsylvania. Filed February 28, 
1923, issued December 15, 1925. 
CURRENT-RECTIFYING DEVICE for use in detectors which is pre- 
e pared by contacting a metal with the vapor of an element of the sulfur 
group at a temperature above the reaction temperature of the two mate- 
rials, but below the temperature of fusion of the reaction product formed. 


1,565,596—H. C. SNOOK, South Orange, New Jersey. Filed November 15, 
1923, issued December 15, 1925. Assigned to Western Electric Company. 
SIGNAL SYSTEM, wherein impulses of equal time duration are pro- 
duced by a swinging pendulum which permits the passage of light upon 
а photo-electric cell for actuating an amplifier circuit connected therewith. 


1,565.600—Е. В. STOEKLE, Milwaukee, Wisconsin. Filed August 30. 
1920, issued December 15, 1925. Assigned to Western Electric Company, 
ELECTRON DISCHARGE DEVICE of high power construction, in 
Which a metallic tubular anode surrounds the electrodes of the tube and 
is provided with glass end portions through which the leads to the elec- 
trodes pass. 


1,565,603—R. Е. TRIMBLE, Elizabeth, New Jersey. Filed October 4, 
1918, issued December 15, 1925. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the electrodes are sup- 
ported by means of an arbor anchored into the stem of the tube by wires 
estending out from the arbor. 


1,565,659—J. E. LILIENFELD, Kew Gardens, New York. Filed September 
3, 1921, issued December 15, 1925. 
HIGH VACUUM DEVICE FOR INFLUENCING CURRENTS 
comprising an envelope evacuated to such a degree that ionization is 
substantially prevented, electrodes including an unheated cathode having 
an active surface or surtaces of small radius of curvature in close prox- 
imity to an anode for producing an electronic discharge and means for pro- 
ducing a separate field of force to modify the character of the discharge. 


1,565,708—\. R. BULLIMORE, London, England. Filed October 11, 
1922, issued December 15, 1925. 
THERMIONIC VALVE having an arched cathode support therein, 
with a hollow grid having flat sides meeting along a curved edge disposed 
parallel to said filament, grid electrode being formed of looped wires 
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enclosing said filarnent. A sheet metal anode of similar shape is provided 
enclosing both the filarnent and the grid. 

1,565,799-—W. DUBILIER, New Rochelle, New York. Filed February 19, 
1921, issued December 15, 1925. Assigned to Dubilier Condenser & 
Radio Corporation. 
INSULATING STRUCTURE FOR HIGH POTENTIAL CONDEN.- 
SERS, in which an insulator is supported in the head of a condenser 
casing in such a manner that losses due to puncture, creepage and brush 
discharge or corona effects are reduced to a minimum. 

1,565,857—M. J. KELLY, New York. Filed June 30, 1921, issued December 
15, 1925. Assigned to Western Electric Company. 
VACUUM TUBE MANUFACTURE, in which the tubes are supported 
in inductance coils through which high frequency current is passed for 
inductively heating the electrodes of the tubes and removing occluded 
gases therefrom. 

1,565,873—H. J. VAN DER BIJL, New York. Filed August 10, 1920, 
issued December 15, 1925. Assigned to Western Electric Company. 
VACUUM TUBE AND METHOD OF OPERATING THE SAME 
by producing a narrow beam of rays from a cathode and placing an 
apertured body in the path of the rays with a screen for receiving the rays. 
The cathode, apertured body and screen, are surrounded by an atmos- 
phere of gas at such a pressure that electrons discharged from the cathode 
produce a sufficient number of positive ions to overcome the defusion of 
the cathode ray beam. 

1,566,1162—DAVID Н. MOSS, Newark, New Jersey. Filed (Original! 
February 9, 1924; (divisional) Mar. 4, 1925, issued December 15, 1925. 
Assigned to Brandes Laboratories, Incorporated. 
METHOD FOR MAKING SUPPORTS FOR SOUND REPRODU- 
CERS, in which the parts for a loudspeaker are manufactured by pressing 
and punching operations and with the parts designed for assembly in 
large numbers for uniform operation. This is the patent covering the 
method of making the Brandes Table Talker. 


1,566,243—Q. А. BRACKETT, Springfield, Mass. Filed September 2, 1921, 

issued December 15, 1925. Assigned to Westinghouse Electric & Manu- 
facturing Company. 
RADIO TELEPHONE SYSTEM, in which an oscillation generator 
system is modulated by means of a variable space current device which 
is filled with hydrogen gas for decreasing the temperature variations 
necessary for effective modulation. 

1,566,293—H. J. VAN DER BIJL, New York. Filed September 4. 1919, 
issued December 22, 1925. Assigned to Western Electric Company, 
Incorporated. | 
THERMIONIC DEVICE, in which the electrodes are supported by 
wires which pass through and are sealed in the horizontal glass rod 
member. 

1,566,469—]. F. FARRINGTON, New York. Filed December 23, 1920, 
issued December 22. 1925. Assigned to Western Electric Company. 
TWO-WAY COMMUNICATION SYSTEM for the simultaneous 
transmission and reception of signals without interference of the adjacent 
transmitting circuit upon the receiving circuit. The effect of the out- 
going signals upon the receiving circuit is neutralized by a connection 
of the oscillator with the receiver in an oppi site sense. 

1.566,634—H. P. TRAMBLEY, San Francisco, California. Filed June 18, 
1923, issued Dec. 22. 1925. 

APPARATUS FOR TREATING DISEASE, including an oscillatory 
electron tube circuit with electrodes by which high frequency oscillations 
may be impressed upon the body. 

1.566,657—W. T. DITCHAM, Lebanon Park. England. Filed December 
18. 1920, issued December 22. 1925. Assigned tu Radio Corporation of 


America. 
RADIO TRANSMITTER. in which signals are produced by shunting 


Шы, 
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а resistance interposed between the source of supply and the electron 
tube oscillator of the radio transmitter. 


1,566,680—A. MEISSNER, Berlin, Germany. Filed September 3, 1921, 
issued December 22, 1925. Assigned to Gesellschaft fur Drahtlose 
Telegraphie M.B.H. Hallesches. 

SENDING ARRANGEMENT where an antenna circuit is provided 
with а plurality of grounded loop circuits for preventing the radiation 
of harmonics from the transmitting station. 


1,566,928—М. С. RYPINSKI, New York. Filed March 4, 1925, issued 
December 22, 1925. Assigned to Brandes Laboratories, Incorporated. 
LOUDSPEAKER having a plurality of sound reproducing diaphragms 
each of which are efficient for a particular range of tone frequencies. 
The diaphragms are operated simultaneously from the same electro- 
magnetic mechanism for efficiently reproducing sound over a broad 
range of tone frequencies. 


1,567,067—J. Е. LINDBERG, Chicago, Illinois. Filed July 20, 1922, issued 
December 29, 1925. Assigned to Reliance Die & Stamping Company. 
CONDENSER, in which a set of stationary plates in the form of con- 
centric cylinders are interleaved by a set of similarly arranged movable 
plates which are axially adjustable in the direction of the stationary 
plates. 


1,567,068—J. Е. LINDBERG, Chicago, Illinois. Filed (original) April 17, 

1922: (divisional) January 26, 1924, issued December 29, 1925. Assigned 
to Reliance Die and Stamping Company. 
ELECTRIC CONDENSER constructed of flattened coiled sheets of 
dielectric material and sheet metal. The sheet metal surrounds the 
dielectric material and forms one side of the condenser and a fiat sheet 
of metal is provided forming the other side of the condenser. 


1,567,204--). S. STONE, Зап Diego, California. Filed January 29, 1925. 

issued December 29, 1925. Assigned to American Telephone & Tele- 
graph Company. 
RADIO TRANSMITTING SYSTEM, in which two transmitters and 
two receivers, operating on the same frequency, are provided with a 
secondary relay station, each receiver being rotated at a point where 
the waves build up from one transmitter, while the relay station is located 
at а point where the waves are substantially null for increasing the 
transmission range of a radio system. 


1,567,260—W. GARITY, Brooklyn, New York. Filed March 17, 1923, 
issued December 29, 1925. Assigned to De Forest Radio Telephone & 
Telegraph Company. 

AUDION ELECTRODE STRUCTURE, wherein a plate electrode is 
blanked out from a flat sheet of metal and rolled into a cylindrical elec- 
trode. 


1,567,293—E. PFIFFNER, Fribourg, Switzerland. Filed April 7, 1923, 
issued December 29, 1925. 
ARRANGEMENT FOR PREVENTING MARGINAL DISCHARGES 
by providing margins of a great electric resistance and by making the 
condenser independent from the marginal discharges. 


1,567,409—A. E. BERDON, Detroit, Michigan. Filed May 29, 1922, issued 
December 29, 1925. 
CONDENSER particularly arranged for connecting radio receiving 
equipment with lamp sockets in which insulated bushings are provided 
having an entrance for the power line and an outlet for the connection 
to the receiving set with a condenser disposed between the bushings. 


1,567,542—G. W. PICKARD, Newton Center, Mass. Filed June 30, 1921, 
issued December 29, 1925. Assigned to Wireless Specialty Apparatus 
Company 
CLOSED TUNED COIL OR LOOP AERIAL for direction finders, in 
which two loops are arranged at right angles to each other, with a mag- 
netic field which coincides with the direction of the transmitted waves 
located within the looped conductors 
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1,567,544--І. P. RODMAN, Newark, New Jersey. Filed March 8, 1924, 
issued December 29, 1925. Assigned to Garod Corporation. 
INSULATOR STRUCTURE FOR ELECTROSTATIC CONDEN- 
SERS AND THE LIKE, in which the stator plates are supported on 
insulated columns carried at opposite ends by pointed members extending 
through the end plates of the condenser. 

1,567,562—H. H. YOUNG and E. A. RYDER, Keyport, New Jersey. Filed 

March 26, 1924, issued December 29, 1925. 
SUPPORT FOR ELECTRICAL APPARATUS for radio receiving 
sets, in which the tuning condensers are interposed between the electron 
tube sockets, the tuning condensers forming walls between the sockets 
and providing means for supporting the socket members in a relatively 
small unit construction. 

1,567,565—Q. A. BRACKETT, Pittsburgh, Pennsylvania. Filed March 30, 

1921, issued December 29, 1925. Assigned to Westinghouse Electric & 
Manufacturing Company. 
RECEIVING SYSTEM having an amplifying system included as an 
element in a balanced circuit, the resistance of the amplifier being changed 
by the received signal to unbalance the receiving circuit for securing 
resonance to incoming signalling energy. 

1,567,566--О. А. BRACKETT, Pittsburgh, Pennsylvania. Filed April 12, 
1921, issued December 29, 1925. Assigned to Westinghouse Electric & 
Manufacturing Company. 

RECEIVING SYSTEM for detecting signal current in which a local 
audio-frequency circuit is unbalanced by the incoming signaling energy 
for actuating a responsive device. 

1.567,567—Q. А. BRACKETT, Pittsburgh, Pennsylvania. Filed April 18, 

1922, issued December 29, 1925. Assigned to Westinghouse Electric & 
Manufacturing Company. 
RADIO RECEIVING SYSTEM for the reception of undamped wave 
signals without the employment of a heterodyne by means of a balanced 
circuit arrangement which 1s disturbed from normal balance by incoming 
signaling energy for actuating a telephone receiver. 

1.567,7 34—R. A. HEISING, East Orange, New Jersey. Filed October 1, 
1919, issued December 29, 1925. Assigned to Western Electric Company. 
RADIO TRANSMISSION SYSTEM for the duplex transmission of 
radio telephone messages, where transmission is carried on at one wave- 
length. and reception at another wavelength without interference of 
the transmitter upon the receiver. 

1.567,764--). SLEPIAN, Wilkinsburg. Pennsylvania. Filed April 21, 1921, 

issued December 29, 1925. Assigned to Westinghouse Electric & Manu- 
facturing Company. 
RADIO RECEPTION, in which the signal current operates to change 
the amount of unbalancing in a plurality of directions in а Wheatstone 
bridge across a diagonal of which а local source of high frequency alter- 
nating current is connected. 

1,507, 848—L. L. KUMEILIKE, Napa. California. Filed March 9, 1922, 

issued December 29, 1925. 
RADIO FREQUENCY TRANSMISSION SYSTEM particularly ad- 
apted for signaling by means of an are where an intermediate un-tuned 
loop circuit is coupled to the oscillatory and antenna circuits. by which 
the power may be balanced and the antenna de tuned in the production 
of signals, 

1.507.850—DAVID HENRY MOSS. NICHOLAS J. CELENZA and 

WILLIAM Н. GERNS. of Newark. New Jersey. Brookivn, New York, 
and East Orange, New Jersey. respectively. Filed March 20, 1925. 
issued December. 29, 1925. Assigned to Brandes Laboratories, Incor- 
porated. 
TERMINAL BLOCK AND CONNECTIONS FOR TELEPHONE 
RECEIVERS. аа which пи mechanical connections and good electrical 
contact may be made between the tlexible сох leading to the external 
electrical cireuit; an electrostatic зе surroundings the conductors, and 
the electroragnets and case of the telephone цессе ets. 
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1,567,928--Н. Е. ELLIOTT and J. A. MILLER, Palo Alto, California. 
Filed January 9, 1922, issued December 29, 1925. Assigned to Federal 
Telegraph Company 
RADIO FREQUENCY SYSTEM having an arc converter for the trans- 
mission of signals with a tuned circuit in series with the arc and impedance 
also in series with the arc and a load circuit closely coupled to the im- 
pednace and a resistor connected in parallel to the impedance for the 
stabilized operation of the arc transmitting system. 


1,567,978—F. G. NIECE, Cleveland, Ohio. Filed March 24, 1920, issued 
December 29, 1925. 
ROTARY SPARK GAP, in which spark electrodes are rotated past a 
plurality of stationary circuits for securing high frequency discharge. A 
construction of spark gap is provided where the rotor extends between 
two adjacent stators and a spark discharge path established therebetween 
when the electrodes are aligned. 


1,568,026—J. B. ZETKA, Nutley, New Jersey. Filed June 24, 1924, issued 
December 29, 1925. Assigned to Brightson Laboratories, Incorporated. 
ELECTRON DISCHARGE DEVICE, iu which a spring device is 
provided for supporting the filament under tension for preventing short 
circuit between the filament and the other electrodes within the tube 
structure. 


Re 16,2231—E. E. CLEMENT, Washington, D. C. Re-issue filed July 7, 
1925, issued December 15, 1925. Assigned to Edw. P. Colladay. 
RADIOPHONE SYSTEM, in which a broadcasting station transmits 
to a plurality of subscribers each having receiving circuits connected by 
line wire with the broadcasting station for enabling the operator at the 
broadcasting station to know the condition of operation of each of the 
subscriber circuits. 


Des. 68,686—C. D. WHITE, East Orange, New Jersey. Filed August 29 
1925, issued November 20, 1925. Assigned to Brandes Laboratories 
Incorporated. 

DESIGN FOR A CABINET TYPE RADIO REPRODUCER, having 
a horizontal cabinet behind which a sound amplifying horn is mounted 
connected with an electromagnetic driver. 


Des. 68,8988—S TEPHEN BOURNE, New York. Filed July 27, 1925, issued 
December 1, 1925. Assigned to Brandes Laboratories, Incorporated. 
DESIGN FOR A LOUDSPEAKER, where the base of the loudspeaker 
1$ cast in.an ornamental shape and provides means for supporting an elec- 
tro-magnetic driver therin. 

Des. 69,004—LE ROY W. STAUNTON, Jackson Heights, New York. Filed 
December 12, 1924, issued December 8, 1925. Assigned to Brandes 
Laboratories, Incorporated. 

DESIGN FOR A LOUDSPEAKER RADIO REPRODUCER, in 
which the electromagnetic driver is mounted within an ornamental 
cabinet from which the reproduced sound emanates. 
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Obituary 
aS) 


Dr. Hanorp W. Nicnors, Fellow of the Institute, died at his 
home in. Maplewood, New Jersev. on November 14. last. Dr. 
Nichols was born in Iowa, on February 23, 1886. He gained his 
technical education at the Armour Institute of Technology. 
Chicago, from which institution he received the B.S. degree in 
1908, and E.E. in 1911. From the University of Chicago he re- 
ceived the degrees of M.S. and Ph.D. 

At the time of his death, Dr. Nichols was a Manager of the 
Institute, and had been for several vears an earnest and valuable 
worker on important committees. At the October, 1925, meet- 
ing of the Board of Direction his name was placed in nomination 
for the Presidency of the Institute. His untimely death is deeply 
regretted by his associates on the Board of Direction. 


GEORGE Y. ALLEN, a Member of the Institute, died on 
November 12, last, as a result of injuries received in a train 
wreck in New Jersey. Mr. Allen was born at Bernardsville. 
New Jersey, іп 1803, and graduated from Stevens Institute of 
Technology, Hoboken, New Jersey, in 1915 with the degree of 
М.Е. After graduation he was engaged in research work for the 
Western Eleetrie Company, and at the outbreak of the late war 
was appointed radio aide to the U. S. Navy Engineering Bureau. 
In 1919 he entered the service of the Westinghouse Electric and 
Manufacturing Company, New York, and at the time of his 
death was assistant to the manager of the radio department of 
that company. 

Mr. Allen served the Institute on several aetive committees 
in recent vears, and at the time of his death was returning from 
the Fourth Annual Radio Conference called at Washington by 


Secretary Hoover. 
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INSTITUTE ACTIVITIES 


February Board Meeting 


At the meeting of the Board of Direction, held on February 
8, the following were present: Donald MeNicol, president; 
Ralph Bown, vice-president; W. F. Hubley, treasurer; Lloyd 
Espenschied, A. H. Grebe, L. A. Hazeltine, R. H. Marriott and 
L. E. Whittemore, managers. 

The Board reappointed Dr. А. N. Goldsmith secretary, and 
Mr. W. Е. Hubley treasurer, for the year 1926. 

Due to growth of the Institute it was decided to procure 
larger space for the headquarters offices. In place of the room 
heretofore occupied at 37 West 39th Street, & suite of five rooms 
was leased on the fifth floor of the same building, occupied on 
March 1, 1926. 

Mr. H. M. Turner was appointed as the Institute's repre- 
sentative on the Dry Cell Committee, Radio Sectional Com- 
mittee, A. E. S. C. Louis А. Hazeltine was appointed Institute 
representative on the Radio Advisory Committee, Bureau of 
Standards, Department of Commerce. 

Mr. Whittemore presented a report summarizing the action 
taken at а Conference on Drawing and Drafting Room Practice, 
called by а joint committee of engineering societies on December 
4, 1925. 


Memorial to Dr. Goldsmith 


At the first session of the 1926 annual convention in New 
York, an engrossed memorial was presented to Dr. Alfred N. 
Goldsmith, secretary of the Institute, and from the beginning, 
editor of the PRocEEDINGs. The memorial was signed by all of 
the officers and was presented to Dr. Goldsmith by retiring 
President J. H. Dellinger. 


Applications For Membership 


It is learned that applicants seeking entry into the Institute 
are in some instances deterred by the requirement that refer- 
ences must consist of five Fellows, Members or Associates, for 
the respective grades. In some instances applicants do not 
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personally know five members to whom they may refer. There 
is a clause in the Constitution which states that in such cases 
the applicant may give as references other engineers, employers, 
or business associates who are not members of the Institute, 
provided they state on their applications that they are not 
acquainted with the stipulated number of members. This refers 
particularly to those applying for the Associate grade. Those 
applying for transfer to Member or Fellow grade should be able 
to refer to the required number of Fellows or Members. 


Membership Certificates 


Engrossed Diplomas are now available for Fellows and Mem- 
bers of the Institute, and membership cards for Associates. 
The Diplomas will be signed by the President and Secretary, 
and the cards by the Secretary. In each case the certificate is 
issued without charge to those applying for it. As it is desired 
to have the Diplomas signed by the President in office at the 
time election or transfer was approved by the Board, there may 
in some cases be a little delay in forwarding the document. 
Where the delay or inconvenience would be considerable in pro- 
curing the signature of the past-president, the president in office 
at time request is received for the Diploma may sign the form. 


San Francisco Section 


Professor Louis A. Hazeltine, manager, was present at a 
dinner arranged by the San Francisco Section, in January. 
Chairman J. F. Dillon, of the San Francisco Section, is accom- 
plishing commendable results in building up the activities of the 
Institute on the Pacific Coast. 


Growth of Membership 


At the February meeting of the Board of Direction 105 appli- 
cations for Associate grade were approved, and at the March 
meeting 160 applications were favorably acted upon. It is 
anticipated by the end of the present year the Institute will 
have 4,000 members of the various grades. Six thousand copies 
of the PROCEEDINGS are now printed of each issue. 


Advertising Pages 


The support given the Institute by radio companies adver- 
tising in the pages of the PROCEEDINGS warrants due recognition 
by the membership. When writing to advertisers it is of advan- 
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tage to mention that the advertisement was noted as appearing 
in the Institute's periodical. | 


Washington, D.C., Section 


Regular and enthusiastic meetings are being held by the 
Washington Section. At the annual meeting Dr. А. Hoyt 
Taylor was re-elected chairman and Mr. T. Parkinson, secretary- 
treasurer. The Meetings and Papers Committee consists of 
Messrs. F. P. Guthrie, Chairman; Capt. Guy Hill, C. Francis 
Jenkins, and, ex-officio, the secretary-treasurer. At & recent 
meeting an informal talk was given by Dr. L. W. Austin, on 
"Some Notes on Radio Development in Europe." 


- Radio Relics 


In response to the call for radio relics, several communications 
° have been received. Professor В. A. Fessenden has submitted 
for deposit in the Institute’s archives a package of documents 
dealing with the early history of the radio telephone, and Dr. 
A. E. Kennelly has presented a file of documents and photostat 
copies of papers which record announcements of the theories of 
the Kennelly-Heaviside Layer. 


Canadian Section 


The Canadian Section (Toronto) held & meeting on the 
evening of February 19, at which the following papers were 
presented: “Тһе Design of Modern Broadcast Receivers," by 
Prof. А. M. Pacent; “Stepping Stones in Radio History," by D. 
Hepburn, and “Тһе Panatrope,” by C. L. Richardson. The 
meeting was held in the Auditorium of the Ward Street Works, 
Canadian General Electric Company. 

On February 25, Messrs. C. L. Richardson and A. M. Pacent 
attended a meeting of the Radio Listeners’ Association, Hamilton, 
Ont., where they delivered addresses on radio. 


Rochester, N. Y., Section 


A Section of the Institute has been organized at Rochester, 
N. Y., the first meeting being held on February 21. 

The officers of the Section are: Chairman, Virgil M. Graham; 
Vice-Chairman, Joseph Hitchcock; Secretary-Treasurer, Harvey 
Klumb. The new Section started with a membership of forty, 
with additional applications to be passed upon. 

A technical meeting was held on March 26. 
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Membership Committee 


A meeting of the Membership Committee was held at In- 
titute headquarters on the evening of February 23, the following 
being present: H. F. Dart, chairman, and Messrs. M. Berger, 
C. M. Jansky, Jr., W. G. H. Finch, Arthur Nilson, E. R. Shute 
and L. E. Whittemore. President McNicol was present, ex- 
officio. 

The committee is perfecting plans for carrying on an active 
campaign looking to enrollment of all persons eligible to member- 
ship in the Institute who desire to avail themselves of the 
privileges and advantages of such membership. 


Standardization Committee 


For the purpose of avoiding duplication of effort, and to 
foster cooperation in the interests of radio engineering and radio 
manufacture, the following engineers have been made members 
of the Institute's Standardization Committee: А. J. Carter, as 
representative of the Radio Manufacturers' Association, Chicago, 
and R. H. Manson, as representative of the Associated Manu- 
facturers of Electrical Supplies, New York. 

Mr. L. E. Whittemore is chairman of the committee. 


Elected to Member Grade 


At the February and March meetings of the Board of Di- 
rection the following were elected to Member grade: Arthur H. 
Halloran, W. E. Garity, H. J. J. M. de R. Bellescize, Gerald M. 
Best, Leonard Н. Bouchier, Archibald E. Hart, H. A. McIlvaine, 
J. P. MeKenzie, James J. Nolan, W. L. Tierney, James E. 
Smith, E. Marks, Harrie King, Ira. F. Julian, W. W. Harper, 
J. M. Goodman, Charles S. Demarest, A. F. Bulgin, William 
Wilson, Arthur H. Lynch, Paul Kloke, H. F. Dart, L. J. Dunn, 
J. O. Smith, W. W. Lindsay, David H. Gage, John B. Ferguson 
and U. B. Ross. 


American Association for the Advancement of Science 


By virtue of the recent affiliation of the Institute with the 
American Association for the Advancement of Science, all In- 
stitute members may join the latter Association without pay- 
ment of the usual entrance fee of $5.00. This privilege is 
extended for all of this calendar year, after which the same 
privilege is available only to new members of the Institute and 
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is available to them any time within a year after their election 
to the Institute. 

The American Association for the Advancement of Science 
is the leading general scientific organization in America. [ts 
annual meeting, held in a different city in December each year, 
is a meeting place of all the sciences. Its members receive 
either "Science" (a weekly) or the "Scientific Monthly." 
"Science" is a good medium for the publication of short scien- 
tific contributions on the results of research in the radio field 
when of interest to workers in the broader fields of science. 


Seattle Section 
The Seattle Section, at a recent meeting, had a paper by Mr. 
J. В. Tolmie on the subject of "Modulation." Mr. John Greig 
described the method of carrier suppression in transatlantic 
radio telephony, and Mr. Libby gave an outline of the results 
of the 1925 radio conference at Washington. 
Bound Volumes of PROCEEDINGS 


Bound volumes of the Institute PRocEEDINGSs are available 
for the year 1917 and all years to 1925 inclusive. The price to 
members is $8.75 per volume; to non-members $11.00 per 
volume. 


ЕККАТА* 


Corrections for February, 1926, issue of the PROCEEDINGS: 
Page 87: Equation should read: 


A d — N/y* 4.4 ћу. 
Page 92: Equations (9), (10), (11) and (13) should read: 


0, = «| [Ро sin т(4@—4,/Ү)]й (9) 
0, = 2 = f [F +f sin r(t—-ds/ V)]at (10) 

Аё =0,— 0, = 2 «Је. 4+2 л ГЕЗИ Ж —d;/ V)d, 
ED ЕМЕСТЕН (п 


MT 4 ШОО, (cosrd;/ V —cosrdi) V + 


sin rt (sinrds/V —sinrd|/V)]. (13) 
Delete (12) 


* Manuse ript received by the Fditor, November 15, 1925. Presented at 
a meeting of the ІмхтіТСТЕ OF RADIO ENGINE ERS, New York, November 4, 
1925. 


TRANSMISSION AND RECEPTION OF PHOTORADIO- 
. GRAMS* 


By 
RicHARD H. RANGER 


(RADIO CORPORATION OF AMERICA) 
INTRODUCTION 


From recent announcements it may seem to many that the 
art of picture transmission has suddenly been born; but it is as 
old as the communication art itself. The transmission of pictures 
electrically had its inception almost at the same time as straight 
telegraphy, for in 1842 Alexander Bain, an English physicist, 
first proposed a device to send pictures from one place to another 
by electric wires. His plan is so basically correct that it is only 
right at the start to show the simplicity of his plan and how, gen- 
erally, we are all following in his footsteps. He had, as is seen in 
Figure 1, two pendulums which were arranged electrically in 


-2 " ай 


Figure 1—Copy of Bain's Original Patent 


suchfa manner that if one preceded the other by a slight 
amount of the time of а stroke it was held until the other had 
reached the same position, when both then started а new stroke. 
These swinging pendulums were the basic synchronizers which 


* Presented before THe INSTITUTE OF Ravio ENGINEERS, New Үогі› 
June 3, 1925. Received by the Editor, October 5, 1925. 


161 


162 RICHARD H. RANGER 


are necessary in any picture work. On each swing, a tablet de- 
scended a notch at a time at the side of the pendulum. At the 
transmitting station the swinging arcs of the pendulum carried a 
small contactor which rode over type faces making the appro- 
priate electric contacts to be transmitted to the distant receiver 
where a similar swinging pendulum was tracing а path across 
a piece of paper. By chemical action, the electricity received 
from the transmitter would discolor the paper at the receiver 
to give an impression of the original. 

We have here the basic elements of all picture transmission. 
First, the synchronous action covering a surface point-by- 
point at both transmitter and receiver, and the electrical identi- 
fication of the point value to correspond between transmitter and 
receiver. 

As it has taken more then eighty years from this initial step 
to anything approaching commercial reality, there must be some- 
thing basically difficult in the process. 

There have certainly been one thousand workers in the field, 
and surely it would seem that all of the fundamental conceptions 
of solving the problem had been realized by this time. However, 
it Is safe to say that present successes are largely due to the won- 
derful strides that have been made in recent years in the produc- 
tion of more accurate instruments, which have given present-day 
workers in this field a far greater storehouse from which to draw 
upon in the accomplishment of the problem. Naturally many 
transmissions of pictures have been made and successfully, too. 
The fact that ours may have gone greater distances is only be- 
cause that is what we were requested to do. 


THE START 

Mr. Owen D. Young, Chairman of the Board of Directors of 
the Radio Corporation of America stated, at a banquet, that he 
was tired of all the arduous effort behind a twenty-four-hour job 
of sending radio messages by telegraphy from а transmitting 
operator to a receiving operator who put down the letters one by 
one at a distant point. Instead of this, the new possibilities of 
radio should make it feasible for us to sav: "ZIP, and a page of 
the London Times is in New York City." "Not being an en- 
gineer," he added, “I am not interested in the details; that is your 
job." If he had perhaps known. or if we had ourselves known, of 
all the griefs that others had gone through. perhaps we might have 
hesitated treading on such fearful ground. But, fortunately for 
us, our knowledge of the basic art developed apace with our study 
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of the problem, and we found ourselves living through all the past 
lines of thought of these many investigators, in rapid succession. 

Figure 2 is а Denison facsimile of telegraph tape taken in 1901. 
Figure 3 is an example of the Korn system taken in 1922. Figure 


FicurE 2—Denison Facsimiles of Telegraph Tape 


4 shows the result of the Belin system transmitted in 1924, and 
Figure 5 is an example of the Jenkins process in the same year. 
Figure 6 represents the Ferree process in 1924, Figure 7 the Bart- 
Lane system in 1922, and Figure 8 the A. T. & T. Co. in 1925. 


FiavRE 3—A Picture of Mr. Korn Ficure 4—A Picture of Gen- 
that was sent from Munich to Rome eral Pershing that was sent by 
by the Korn System, 1922 Belin's Asycerations 


ECONOMICS 


In view of the widely diversified attacks on the problem pre- 
viously we soon realized that our main work was to produce an 
economic solution rather than essentially the purely mechanical 
problem of producing a machine that would work. 

It has taken 80 years from the first inception to come to com- 
mercial operation due to the fact that it is inherently a more dif- 
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ficult proposition to send a picture than it is to send a telegraph 
message, or the voice. | 
i Picture transmission requires exactly what these two other 
transmissions do, which is to depend on an intensity variation 


FIGURE 5--А Picture of William Jen- 
nings Bryan that was Transmitted by 
the Jenkins’ System in 1924 


with time; but it must do the additional job of indicating the points 
on an area for which these values must be represented. Further- 
more, whereas with the eye a whole picture is taken in at a glance, 


Fiaure 6— This Picture was Transmitted by the “Ferree” 
System in 1924 


due to the fact that there are separate eye nerves for each portion 
of the area covered in the picture, in communication channels we 
are naturally restricted to taking a point at a time for each commu- 
nication channel. If there happensto be more than one communica- 
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tion channel available, naturally more than one point can be taken 
at a time. But communication channels, that is, wires or radio 
circuits, are not available in such large numbers as to permit joint 
operation over several. Usually, it has seemed wiser to try to get 
the most out of one channel only. This means, therefore, 
that it takes а measurably greater time to cover а picture from 
point to point. E 


Two LINEs oF ATTACK 


In order to keep a fresh viewpoint at all times and not to get 
into a cul de sac with any single one, it has always been our plan 


FicurE 7—Sample of Ficgure 8—One of the Views of the Presidential 
Cable Picture Trans- Inauguration that was Transmitted from Washington 
mission by the Bart- to New York by the A. T. & T. System in 1925 
Lane System, 1922 


to have two methods on trial for each essential of the picture devel- 
opment. It has been the old story of “the survival of the fittest.” 
It takes will-power to throw away the results of months of work 
and time and money, when it is evident that a line of attack does 
not have the earmarks of success. But having two lines of attack 
at all times, we have realized this perhaps a little more readily, 
and as a result have built up quite a graveyard of dead ideas, 
and we trust-a living survivor of merit. 


PICTURE SHORTHAND 


Morse’s wonderful contribution to communication was not 
alone, as most seem to think, the development of a telegraphic 
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machinery or equipment, but largely the development of the 
telegraph code. Any number of telegraph devices had been con- 
structed before Morse, but they did not have the economic ргас- 
ticability of an all-round system which would get words across 
in a short space of time. 

How successful Morse was may be realized when, today, it 
is an established fact that the Morse code, representing letters 
by the dots and longer dashes, is still the most economical way 
of getting а given amount of words from one point to another, 
in the shortest time, with the least power, over the greatest dis- 
tance, and through the greatest amount of interference. 

Of course other means of sending words have been produced, 
typically, the telephone; but it requires, as you may all well 
realize, a higher quality of wire service and perfection in apparatus 
to accomplish the higher speeds realized in words transmitted 
by the voice. The same thing is true of many other systems pro- 
posed and in use wherever better facilities are available. 

As soon as we realized the economic angle of our problem we 
began to look for a picture shorthand. It may well be mentioned 
at this time that our whole problem was largely one of realizing 
what confronted us and what our real aim was and then the 
answers began to come easily. 

Practically every system to date has been, and still is, on the 
basis of dividing the picture up into small unit areas and to trans- 
mit their values one after the other. This is exactly the plan 
that would occur to any one knowing the success of the usual 
half-tone process of printing a picture as in a newspaper. Figure 
9 shows this half-tone effect, and it will be seen that there 15 a 
regular grading in the proportionate size of the little squares to 
the surrounding area from the lightest portion to the darkest. 
Naturally a picture transmission system which would duplicate 
this would seem to be all that was necessary. But when we realize 
that the usual newspaper half-tone (and none too good a one at 
that) has at least 65 dots In a row for an inch, or more than 4,000 
of them to a square inch, the size of the job becomes apparent. 
Let us assume that we wish five tone values to each of these dots, 
we may then describe this, arbitrarily, as requiring five photo 
units for each of these dots, or some 20,000 photo units to the 
square Inch. In other words, it requires the ability to transmit 
from one point to another in identifiable shape 20,000 photo 
unit pulses per square inch. Naturally, this сап be done on any 
circuit И you have time enough, and if it is a particularly good 
circuit it can be done in a very short time. The ratio between 
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the speed of transmission available and this quantity of units is 
the limiting factor. 

On high-class telephone circuits we can readily send 200 such 
photo units in а second; but in the usual telegraph circuits such 
speeds are quite difficult, the fastest usual speeds being some 75 
separate pulses а second, and normally around 30 or 40 impulses 
asecond. The telegraph circuit, wire or radio, is а slower moving 
but further carrying message channel. 

It is thus seen that, analyzing in this way, the usual method 
of pieture transmission has found its serious drawbacks in the 
number of pulses that have to be put through; and the precision 


FicURE 9—A Fundamental Specimen of ''Korn's" Work in 1922 


with which they have to be put through; and the time that it 
takes to put them through. 

Search for a shorthand method of accomplishing the same 
results was then started. Our first effort in this direction con- 
sisted in the variable dot-spacing method. Obviously, if we 
place a group of dots on a piece of white paper and space them 
widely, we will get an impression of practically white. If we 
place them close, we approach black. This is what we did in our 
first shorthand attempt, making each dot of generally the same 
size; although it worked out practically such that the individual 
dots widely spaced were a little lighter than those grouped 
together. These dots by their grouping constituted the shades 
of the picture. The dots were so chosen that in size they would 
occupy & space of approximately one-fourth of the 64th of an 
inch as being the usual newspaper standard. One such dot per 
64th of an inch would then give an impression of gray color. If 
they were spaced further apart, this gray color would give way 
to white. If they were spaced closer together, the gray would 
become darker up to almost black for the deepest portions. The 
spacing then was approximately two to each 64th of an inch. 
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Under these conditions it is realized that we: have gone from the 
necessary five values for each 64th of an inch of the older systems 
to two values for each 64th of an inch, and have therefore realized 
a shorthand of а ratio of approximately five to two. Naturally 
we had the idea of what we wanted in the way of this dot con- 
centration before we had the actual means for accomplishing it, 
but we were not long in finding а circuit which would give us this 
photographically and automatically. 


Dor-Dasu PLAN 


Not satisfied with the shorthand already accomplished, we 
earried the process a step further. Now we start from separately 
grouped dots in the white end of the scale, and come up to the 
densely concentrated dots as before. But this time the receiver 
drum is given twice the speed of the movement, so that the зрас- 
ing which formerly gave almost a black, now gives a middle gray. 
Then to accomplish the further deepening to the black, we lengthen 
out each of the dots grouped closely together so that they be- 
come heavier and heavier, and finally for solid black we 
have the transmitter held constantly. Many adaptations 
of our first plan could be suggested, but after trying many 
we came to a few, one of which consists of a balanced 
arrangement such as many are familiar with in the usual 
push-pull tvpe of amplifier. In Figure 10 one side of the outfit 
works in the progression from white to gray and the other side 
works in the light progression from gray to black, with a slight 
overlap at the center. 

The reduction that this shorthand accomplishes over the pre- 
vious method is 2 to 1. so that, over all. a 5 to 1 improvement has 
been made. This means that with a fixed available speed for the 
transmission of individual units; by this process five times the 
area ean be covered in the same length of time. Furthermore, | 
а wide range of tones is secured without abrupt changes from one 
tone to the next. Phe individuality of the alignment of the sharp 
edges сап be made very precise providing the svnehronizing of 
the motors is suthcienthy accurate. 

And what interested us more than anything else was that we 
seemed to be entering on a new form of art. No doubt many 
will look on this as rather а bold expression. but it is the very 
boldness of our pietures whieh carries them aeress. While it is 
true that they leave considerable to the imagination, this 1$ 
inherently true of art, andit is an interesting thing that the more 
that one sees of this туре of preture the more one sees in any 
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given example. Naturally, when the pictures are reduced in 
size, the artistic effect is greatly enhanced. 


PHOTOGRAPHY 
In such a development it is natural that those who see only 
the general effects of the work may not appreciate the effort 
that must be expended on all the details involved. And if I may 
be allowed to mention one briefly, it is the production of a good 
film at the transmitter. We have found in our work that a film 
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that would be normally elassed as thin, is the best for our pur- 
poses. In actual measurements we have found that a film which 
varies in its ability to transmit light from 25 per cent. at the 
darkest portions, to 80 per cent. at the lightest portions, gives 
us best results. Naturally, it would be by chance that a film 
produced in the usual manner would be of a value best suited 
for transmission. 

To organize our operations on a practical basis we have 
therefore made а very extensive study of photographie copying. 
We have found, for example, that with а given fixed original, it 
is possible to get a wide variation in the transparency of the 
copy from this original by changing either the exposure time in 
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our enpying camera. or the development time. Also It ts possible 
to get a still wider variation by using d:Zerent types of films. 
These facts have, of course. been known. but mostly in a rule of 
thumb way. Curves have been developed which show the effect 
of changing the time of exposure in seconds. with a constant 
development; the effect of changing the time of development in 
minutes. with a given exposure; the efect of changing to a dif- 
ferent film giving а very flat contrast; also other curves, accent- 
uating the contrast. 

From these curves as a starting point it is possible to obtain 
a wide range of values bv proper selection. These have all been 
classed in the five sets of curves about a particular point to show 
just how the variations can be obtained. :Figure 11). For 
example, we will suppose that the original from which we are to 
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FiccgE 11—Summanzed Density Chart 


make a copy centers about a value of nine-tenths in density. 
It is then seen that if it already covers a wide range of values 
from this as a center, we can use a flat curve with a two-second 
exposure and 2?4-minute development. If it covers a less 
range, we can use a different type of film with eight seconds of 
exposure and 114-minute development. The same type of film 
can be modified by giving it a shorter exposure and in turn, a 
longer development, to make the curve take up different posi- 
tions, and finally, by using a special slow-process film, we can 
obtain the required transparency with only a very slight density 
change available in the original. Naturally, it would not always 
be possible for the original film to center about a point such as 
nine-tenths, and we have therefore also shown on this curve how 
the whole process may be moved to the left or to the right by 
changing the exposure and using the same development. This 
information has been drawn up in a single table, so that tbe 
practical operator can obtain from any given original the copy 
which will have the exact range desired. 
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9. FIRST APPARATUS 


We will now come to the concentration of the apparatus we 
use. Basically, we must start with a photograph. This photo- 
graph is conveniently in the form of a film such that it may be 
placed around a glass cylinder, as shown on the picture of the 
original transmitter, Figure 12. А powerful light is on the 


Ficure 12—The First Photoradiogram Transmitter, 
1924. This Unit is now in London 


inside of this cylinder. To give an idea how powerful this light 
is, a few figures are cited: 


The Incandescent Gas Маше has 35 с.р. per square inch of surface. 
The Carbon Filament Lamp has | 400 c.p. per square inch of surface. 
The Metallic Filament Lamp has 1200 c.p. per square inch of surface. 
The Nernst Lamp has 2500 с.р. per square inch of surface. 
The Gas Filled Lamp has 12000 c.p. per square inch of surface. 
The Gas Arc has с.р. per square inch of surface. 
The Sun с.р. per square inch of surface. 


Naturally it has been one of our main problems to find the very 
best materials available for each and every part of the system. 
This has been made easy by the ready reception we have received 
from everyone, such as lamp manufacturers, ink manufacturers, 
fountain pen, paper, camera suppliers, etc., and others affiliated 
in this work. May I state what а pleasure it has been to have 
had such а wealth of material offered us in this work. 


10. REVOLVING CYLINDER 


This strong gas arc-light is in the inside of the glass cylinder 
and sends its ray by lenses through the film placed on the cylinder 
to a motion picture lens focused on the film which throws an image 
оѓ the film onto the photo-cell, point by point. Аз the cylinder 
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revolves, each portion of the picture is shown progressively to 
the photo-cell. The photo-cell is then moved bodily down the 
cylinder length so that the whole picture is gradually built up 
line upon line. 

Figure 13 is а view of the commercial type of transmitter of 
the present time. 


Кіссне 13—The First Commercial Type of Photoradio- 
gram Transmitter, 1925 


11. Рното CELL 


In the camera box (Figure 14) is the electric eye, the photo- 
cell, which is а device for interpreting light values in terms of 
eleetrie current. E believe it was Shelford Bidwell who first sug- 
gested the use of light sensitive сісеігіс valves for photo trans- 
mission work. Many others since then have contributed to this 
plan, notably, Elster and Geiter in Europe. We are indebted to 
the General есле Company and to the Westinghouse Company 
for the exeelleut. photo-cells they have developed for us in this 
work. Ваза Шу. the idea of the photo-cell is that a high voltage 
is applied to the cell, almost sufficient to ionize it. Photo-electric 
action is realized when light strikes a photo-cell such that the 
potassium hydride which lines the inside surface of the cell is 
ionized and electrons pass from the potassium hydride to the 
cathode in the center of the есік Highly attenuated argon gas 
fills the inside of the cell which inereased the ionizing effect 
materially, so that an appreciable current flows through the cell 
with the action of the light to the extent of some two micro- 
amperes. “This стене. of course, must be greatly amplified, 
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which is done by the use of the three-electrode vacuum tube. 
This is shown on the attached circuit, Figure 15, where the cur- 
rent is caused to pass through a high resistance, R, which causes 
voltage variations to be applied to the grid of the vacuum tube. 
This amplification might be carried on in further steps in the 
usual manner. However, for our first dot concentration plan this 
was quite sufficient in itself to give effective results. This is 


НсовЕ 14— This View Shows the Photo-cell in the Photo- 
| cell Box 


arranged by having a vacuum tube with its grid thus controlled 
by the photo-cell, with its plate current supplied through a con- 
denser charged at intervals. These intervals are determined by 
the rate at which the condenser discharges. In other words, a 
sort of low-pressure valve is arranged such that when the con- 
denser discharges to a certain extent, the plate battery is again 
connected to the condenser to charge it up to the maximum value. 
This is accomplished by having a large C battery connected to 
the high side of the condenser so biased that the plate voltage 
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must fall below a given value before a second three-electrode 
tube stops drawing plate current through its plate. This second 
plate current is carried through a relay; while the relay coil is 
energized the contacts are open, but when the relay falls back 
against the contacts the charging B battery pulse is sent on to 
the condenser. 


— DOT +e METHOD ~ 


FIGURE 15 


It is thus seen that the time interval between the successive 
charges of the condenser is determined by the rate of the plate- 
current flow in the first vacuum tube, and as this is in turn de- 
termined by the photo-cell current, we have a direct interpreta- 
tion of the light action in terms of the relay closing. This relay 
closing can be used to activate telegraph lines or a telegraph 
radio circuit. 


12. С Lieut 


As an interesting adjunct to our photo-cell operation we may 
mention the use of an additional light beyond the normal illum- 
ination obtained through the film to be transmitted; this we have 
termed the C light, Figure 16, corresponding in its action very 
much to the C battery used in grid amplification. The use of 
the C light makes it possible to operate the photo-cell itself more 
effectively, where it, in conjunction with the amplifiers, gives a 
more perfect straight line characteristic to the reproduction 
current values. 


13. SYNCHRONISM 


For synchronizing, we have adopted the tuning fork as giving 
us the appropriate constant rate of rotation to actuate our de- 
vices both at transmitter and receiver. By the addition of clock 
check control we have found it possible to obtain uniform speeds 
at each end, where the clock controls act as а check on the tuning 
fork. Aside from using clock control we have also used dashes 
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at the end of each stroke, which work very well to keep the re- 
ceiving cylinder moving correctly with respect to the transmitting 
cylinder. 
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FIGURE 16 


14. THE RECEIVER 


For the receiver there are many available plans, but we have 
concentrated on the production of a daylight operation program 
which involves the use of something in the order of an ink record 
on paper. It is seen that this dot plan fits in very readily with 
an ink record. It is only necessary to have the recording pen 
mark on the paper whenever a charging pulse starts at the trans- 
mitter. 'The connection between the transmitter and receiver 
may be either by telegraph or by the regular radio telegraph. 

Figure 17 is а close-up of the original receiver with most of 
the auxiliary apparatus excluded. А is the motor which is main- 
tained at constant speed through the medium of the tuning fork 
G and associated apparatus. B is the reversing cam for changing 
the direction of rotation of the drum C upon which the recording 
paper is placed. D is the pen which is supplied with ink from the 
well, E for reproducing the picture as it is received, in the form 
of dots and dashes. F is the box for the film by means of which 
it is possible to obtain a photographic record at the same time 
the visible record is being made. 

Figure 18 shows the modern type of photoradiogram receiver 
which is capable of making two pictures at the same time. 


15. STATIC 


The question of transmission to a distance is always one of 
obtaining sufficient desired signal strength to override the effects 
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of disturbances. This is true of all wire lines and cables, as well 
as radio. It is in this element that the telegraph wins, due to the 
fact that it is in а sense а trigger device, where the current is 
either ой completely or off completely. Under these conditions 


FicurE 17— The First Photoradiogram Receiver which is still in 
the Design Laboratory of uc о Corporation of America in New 
ork, 1924 


it becomes easier to identify electro-mechanically the times 
when the eurrent is on and when it is off, than to attempt to 
analyze the variations in current strength. That is why it is 


Figure 18— First Commercial Туре of Photoradiogram 
Receiver, 1925 
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possible to get radio telegraph signals across the ocean at prac- 
tically all times whereas even considering the smaller amount 
of power used, I am sure it is appreciated that broadcast tele- 
phony, for example, is badly interrupted by static and fading 
over much shorter distances. By interpreting picture values in 
dots and dashes, where the full current of the radio transmitter 
is on even for the shortest dot, we have taken full advantage of 
this telegraphic supremacy to carry a picture to the greatest dis- 
tance. Furthermore, it fits in most readily with the relaying oper- 
ation. This we first made use of on July 6th of last year when the 
following picture of Secretary Hughes, Figure 19, was sent from 
New York by wire line to New Brunswick, N. J., thence by radio 
to Brentwood, England, then into London and from there by 
wire line back to Carnarvon, Wales, thence back by radio to 
Riverhead, L. I., and back into New York City. This picture 


du ates 


ЕтсовЕ 19—First Photoradiogram, 
New York to London, Back to New 
York, July 6, 1924 


is the result of this very involved journey. Мо picture was 
recorded in England, but it showed the effectiveness of our 
system at that time, so that when the apparatus for transmitting 
was sent to London the very first pictures came through success- 
fully. 

16. боме EARLY PHOTORADIOGRAMS 


The first public trans-Atlantic demonstration of the trans- 
mission and reception of pictures by radio took place in November, 
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1924. The photoradiogram transmitter was located in London. 
The signals from this apparatus were put on the 220-mile land 
line to Carnarvon, Wales, at which point they actuated the 
control relays of the high power radio transmitter there. "These 
radio signals from Carnarvon were picked up at Riverhead, 
Long Island, amplified, heterodyned, detected and sent in to 
the New York office of the Radio Corporation of America as 
audio frequency dots and dashes. These tone signals were again 
amplified at the New York office, then rectified and applied to 
the photoradiogram receiving equipment. 

In the spring of the following year (1925) a photoradiogram 
transmitter was installed in the offices of the Radio Corporation 
of America at Honolulu. On April 29th, 1925, pictures were 
successfully transmitted from Honolulu and reproduced in the 
New York office of the Radio Corporation of America. 


17. COMMERCIAL USES 


Naturally, all this work has a purpose in view, and, of course 
the news field is the most immediate. There are two angles, 
however, to the newspaper situation: first, is the unusual picture, 
and the other is the general news picture. Naturally, а business 
can not be built up around earthquakes. "Therefore, it must be 
a case of supplying regular service to groups of papers that this 
service will become worthwhile. However, it is interesting to 
see to what extent the unusual picture will force news activities. 
I have received the following advice as to two particular instances 
of the unusual picture situation: 


Some examples of the need for radio pictures are to be derived 
from news events of the past year. The earthquake in Japan 
was the cause of one of the greatest races between news-gathering 
agencies in modern times. The representative of one agency 
had flown from a Chinese port over the stricken area, taken 
several desirable photographs, and then returned in time to mail 
his results on a Pacific Mail steamer sailing from Shanghai. His 
competitor had been forced to make the trip to Japan by both 
air and water and arrived some twenty-four hours after the 
steamer had sailed. Chartering а seaplane he made а dangerous 
four-hundred-mile trip to sea in order to drop his package of 
film on the ship. Successful in this, the race was tied until 
Vancouver was reached, where two speedy planes awaited the 
ship’s arrival. From there, across the continent it was a free- 
for-all race, one leading and now the other. Eventually, the 
pictures were delivered in New York with but a few hours’ dif- 
ference in time. Had a radio picture service been available, but 
a few hours would have transpired instead of the many days to 
transport the scenes of this disaster. The cost ran up into 
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thousands of dollars and many New York papers paid as high 
as five hundred dollars for pictures weeks old. 

One picture-gathering agency sent а representative around 
the world with the Army fliers. Traveling in many different 
ways and even stowing himself away on one of the the planes, 
he was handicapped in keeping his service supplied with pictures 
from three to six weeks old. With a world-wide radio picture 
service it would have been but a matter of hours. With the 
public desire for pictorial news becoming more pronounced 
vearly, it is only natural that a demand for foreign pictures with 
foreign news items be met through radio pictures. 


А very effective use to which photoradiograms will be put is 
distinctly in line with the original work of Alexander Bain, as 
emphasized in our particular development by Mr. Young, and 
that is, transmission of words—printed, typewritten or hand 
written. Аз an example of printed material may be mentioned 
a clipping taken from a Honolulu newspaper and transmitted all 
the way to New York by relay through California, in May, 1925. 
Tabulated material is particularly suited to such transmission 
and most difficult to accomplish by normal telegraphy. Draw- 
ings, signatures, fingerprints, and all such are a fruitful field for 
radio pictures. 

Naturally, there remain many refinements necessary in this 
work, but it is largely а question of making the equipment соп- 
tinuously serviceable. То this end we have made both trans- 
mitter and receiver such that the operations may be continued 
without interruption between pictures, and with the equipment 
now set up and working both eastward across the Atlantic and 
westward to California and Honolulu, it is only a question of 
time when the mechanics of the operations will have been suffi- 
clently worked out by the operators, who have to combine all 
that went before, in а way of radio technique with mechanical 
and artistic appreciation as well, to make photoradiograms of 
the highest service to everyone. 


SUMMARY: This paper carries the art of electric picture transmission from 
its inception, over 80 years ago, to the results of present-day development. 

It is pointed out that the seemingly rapid strides that have been made in 
the art during the last 10 years of its 83-year existence may be attributed to 
the larger storehouse of electrical and mechanical contrivances from which 
modern photo-transmission engineers may draw. 

Picture transmission is not, as many think, a modern art. It is as old as 
the communication art itself and this paper carries us through the work, 
ancient and modern, of photo-transmission engineers, commencing with that 
of Alexander Bain in 1842. 

A Denison facsimile of telegraph tape, taken in 1901, is shown, together 
with examples of the work of Korn taken in 1922; that of Bart-Lane in 1922; 
Belin, 1924; Ferree, 1924; Jenkins, 1924; and results of the A. T. & T. system 
іп 1925, 
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The basic elements of all picture transmission systems are shown to con- 
sist of synchronously covering a surface, point-by-point, at both transmitter 
and receiver, and electrically identifying point values at the receiver so that 
any integral section of the received copy will have the same relative tonal value 
as the identical integral section on the transmitting surface. 

Economics is as important a factor in the transmission of pictures as it 
was in the establishment of a telegraphic system of communication, and the 
reason that the Morse Code still exists is because it is the most economical 
means of getting a given amount of words from one point to another, in the 
shortest time, with the least power, over the greatest distance and through 
the greatest amount of interference. 

The necessity of a picture shorthand was visualized and developed. 
Whereas the usual newspaper half-tone has 65 dots to the inch and 5 tonal 
values are desired per dot, making a total of 325 photo-pulses per inch, the 
picture shorthand developed in the “‘photoradiogram”’ system reduced this 
to 65 photo-pulses per inch giving a reduction or shorthand ratio of 5 to 1. 

The photographic angle of the problem is touched on lightly and the 
11,000,000-mile-a-minute flight of the picture pulses from the transmitter to 
the receiver are followed through their several transformations in ''slow- 
motion.” 

The development of this system of picture transmission is shown graphi- 
cally by examples of photoradiograms taken from epochal stages in the 
course of the development. 

The commercial possibilities of this system are discussed, and in closing 
it is pointed out that one very immediate and effective use to which photo- 
radiograms will be put is in the transmission of words, printed, typewritten 
or handwritten. 


SLEET REMOVAL FROM ANTENNAS* 


Bv 
J. H. SHANNON 


(RADIO CORPORATION OF AMERICA, NEw York) 


The phenomenon of sleet forming on wires, which are exposed 
to the weather when the temperature is about freezing point and 
the atmosphere moist, is well known. It is a source of extreme 
annoyance to a great number of commercial enterprises, more par- 
ticularly to power companies, in respect to their transmission 
lines; telegraph and telephone companies in regard to their over- 
head wire system; and radio companies in connection with their 
antenna systems. 

With regard to the first two industries, the wire systems are 
so extensive that with the exception of one or two of the power 
companies, sleet melting is not resorted to; consequently interrup- 
tions, due to wires breaking, and towers and poles uprooting as a 
result of the heavy ice load, are frequent in districts where sleet 
is prevalent. Large sums of money are expended annually by 
these companies for maintenance and repair, as well as penalties 
for interruption to service of customers. 

Fortunately for radio companies, the antenna systems are not 
so very extensive, and when sleet forms on the wires it 1s possible to 
pass a current of electricity thru the wires, thus raising their tem- 
perature to a point where the ice will melt and fall off, and in case 
the power supply at the station fails and it is impossible to melt 
the ice from the wires, a method of automatically dropping the 
wires when they have been loaded to a predetermined value has 
been devised. The method of melting ice and dropping the 
wires will be described. 

If the antenna consisted of two wires, these wires being ap- 
proximately two miles long and supported by means of insulators 
from towers spaced say twelve hundred feet apart, then it would 
be a simple matter to melt the sleet from these wires by connect- 
ing the far ends permanently together and applying a voltage 
across the wires at the station end. 

The voltage can be so chosen that a current of the desired 
amount сап be passed thru the circuit and thus insure that the 
wire will not be heated to such a temperature that the strength 
of the wire will be affected. 


*Received by the Editor, June 6, 1925. Presented before Tug INSTITUTE 
or Rapio ENGINEERS, New York, September 2, 1925. 
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Ап antenna system is not usually as simple as this and may 
consist of anywhere from 12 wires up to 30 wires, cach two miles 
in length, all of these wires being connected at а minimum of five 
points thru inductance coils to the ground, as represented dia- 
grammatically in Figure 1. If we connect the wires together at 


к.’ 64 


Figure 1—Schematie Wiring Diagram of Multiple Tuned 
Antenna. 


the far end we have the same arrangement as our simple t wo-wire 
antenna before mentioned except that we have introduced several 
ground connections to each one of these wires. It can be seen 
that unless these ground eonnections are removed in some way 
we could not effectively pass current thru the whole length of the 
wires for sleet melting, and it would indeed be a difficult and in- 
convenient thing to disconnect each of the wires at the ground 
points when it is required to melt sleet. This, however, can be 
avetded by the insertion of a condenser between the wire and the 
ground connection see Figure 2), this condenser being so designed 
that it offers a very high impedance path to the low-frequency 
sleet-melting current, allowing practically none of it to pass thru 
to ground, whilst offering very low impedance to the high fre- 
queney energy, allowing practically all of it to pass thru the coils 
(о ground. 

The mechanical and eleetrieal design of a suitable condenser 
for this purpese Was ene which presented ditheulties and required 
а Cle ange recognized that the best place for 
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пет to be installed was as close as possible to the 
point Whee the тар was made to the horizontal antenna wire 
а be necessary to in- 
Ste aS SWEDEN Wo rh equi ether. Consequently а con- 
dessert мы gould be suspended аө and carry the main hori- 
PORT ете ы appeared to be the best solution. and such а 
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FIGURE 2—Schematic Wiring Diagram of Multiple Tuned Antenna 
Showing Where Condensers Are Inserted for Sleet-Melting Purposes 


condenser was finally developed in co-operation with the General 
Electric Company at their West Lynn Works. 

The plates of this condenser consist of aluminum foil and the 
dielectric consisted of waxed paper. The assembled condenser 
element is circular in form, being rolled on a brass mandrel. 

The mandrel has an insulated coupling in the centre so that by 
attaching the plates to each end of the mandrel by suitable clamps, 
the ends ean be used as the terminals of the condenser. 

This condenser in its present form lends itself very readily 
for general use indoors, and with slight modifications could very 
conveniently be used for power factor correction, and similar 
purposes, as it can be mounted by simply clamping it between 
buses without any complicated mountings. 

To make it serviceable for outdoor use, as we required, it was 
necessary to put some form of housing around it. If a metal 
housing had been adopted, trouble would have been experienced 
with insulating bushings, and other complications, so a hollow por- 
celain tube insulator, fitted with end caps and suspension lugs, was 
finally decided upon as the most practical solution. It was with 
the co-operation of the Locke Insulator Company, of Victor, New 
York, that this insulator was developed and produced. 

The porcelain insulator as designed for this purpose is shown 
in Figure 3. One cap is permanently cemented to the insulator 
whilst the other cap is made in two parts; one part is in the form 
of a ring and threaded with a male thread, this part being per- 
manently cemented to the other end of the tube. The other 
parts, or cap proper, with a female thread which can be un- 
screwed so as to allow for assembly of the condenser element. 
Should the condenser at any time break down, it is a simple mat- 
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ter to unscrew the cap, take out the element, and replace it. 

By referring to Figure 3 it will be observed that the ends of 
the mandrel have been extended and threaded. Опе end is 
screwed down into the permanent insulator cap, whilst the other 
end makes contact with the other cap by means of a diaphragm 
plate, this plate being attached to the end of the mandrel by two 
nuts. The plates serve two purposes: (1st) for the electrical con- 
nection to the cap, and (2nd) to allow for longitudinal expansion 
of the mandrel due to temperature change. 


Picture 3—Combination. of Condenser and Insulator for Sleet-Melting Pur- 
poses 


The eaps of the insulator now form the terminals of the con- 
denser as well as acting as heat radiators for the unit. А special 
boss on the caps, finished with a flat surface and fitted with a 3$- 
inch set serew and lock washer, forms the connection for copper 
connecting lugs. 

The complete unit shown in Figure 4 makes a very neat 
arrangement, from а mechanical as well as electrical standpoint, 
as it can be suspended from the main antenna insulators and the 
antenna cable ean in turn be suspended from the lower end of the 
condenser unit. The antenna wire ean be connected to the lower 
ғар and the top eap being connected to а common bus, the down- 
lead connection to the tuning coils which are erected on the 
ground, being taken from this Баз. So long as power is available 


and these condensers are in circuit, no danger from sleet need be 
feared. 


FIGURE 4—Condenser-Insu- 
lator Unit with ое Re- 
lease Lin 


Unfortunately, as before stated, very few power companies 
are able to melt sleet from their transmission lines, and conse- 
quently their lines fail, due to wire breaks and uprooting of poles, 
thus cutting off the power supply to the radio station. Under 
such conditions it is to be expected that the antenna system will 
be crippled. 

Where self-supporting towers with cross-arms are used for the 
suspension of the antenna cables, it would be a very serious prob- 
lem if three or four of the outer wires broke in one span and the 
others remained intact. Under such conditions a big unbalanced 
torsional pull would act on the cross-arm, due to the ice and wind 
load, and unless the design of the tower was made to resist it, 
results would be disastrous. It would indeed have been very 
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uneconomical to have designed towers to withstand such condi- 
tions unless very low-breaking strength cables were used, but 
as this would have introduced many disadvantages, foremost 
among which would have been frequent interruptions to service, 
it was not practical to adopt such a method. 

It was finally decided to install a cable that would have a 
high ultimate strength, in other words, a cable that would not 
break except under exceptional conditions. Then interruptions 
would be reduced to a minimum. 

The use of a stranded medium-hard-drawn-copper or silicon 
bronze cable to give a high ultimate strength would not have been 
economically satisfactory, as the weight per foot of this cable 
would have been such as to make the sag on a twelve hundred and 
fiftv foot span (this span having been adopted as it was consid- 
ered the most economical) so great that the effective height of 
the antenna would have been low, thus reducing the radiating 
efficieney of the system, and again, the cost of such cable would 
have been very high. 

The most nearly ideal cable for our purpose was one which 
had a diameter just large enough so that it did not show corona 
at 150 kilovolts of radio frequency; of maximum strength possible, 
and with a conduetivity of 35 to 40 percent of pure copper. 
A cable which satisfied the foregoing eharaeteristies was obtained 
from the Copperweld Company, of Rankin, Pennsylvania. This 
cable consisted of seven number-eight wires, formed into a strand 
of 35-іпеһ diameter. Each wire had an exterior coating of pure 
copper with a high tensile strength steel core. "The ultimate 
strength of this strand was 12.500 pounds and the yield point 
considerably in excess of 80 pereent of this value. By the adop- 
tion of this cable the biggest percentage of trouble due to sleet 
was automatically eliminated. ' 

In order to protect the towers against abnormal conditions 
which would exist if the power failed and sleet continued to form, 
it was necessary to devise some means by which the strain on the 
towers eould be relieved. before it got to dangerous proportions. 
The first thing that suggested itself was а weak link from which 
the antenna cables would be suspended, this link to break and 
allow the wires to drop at a predetermined load. This link is 
shown in Figure 5.. By varving the cross section of metal in the 
link it can be made to break at any desired load. The specifica- 
tions for this link were somewhat severe and it was indeed difficult 
to obtain a metal that would fulfil them in all respects. Amongst 
other things the specifications for this link called for 
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(1) The elastic limit to be at least 90% of the ultimate 
strength. 

(2) Must be rust proof. 

(3) Must not crystallize. 

(4) Must break within 3% of estimated load. 

After a number of experiments John A. Roebling Sons and 
Company produced a link, Figure 6, built up of straight pieces 
of wire, which proved very satisfactory. By varying the number 
of wires the strength can be adjusted to any desired amount. 
These links were installed on one of our stations and have been 
in service for over a year, but so far they have not been called 
upon to demonstrate their efficiency in case of emergency. 


Жс: ге СҮЗ. И 
ic t 


- ағы | 
тім ша: m: 


Ғісове 5—All-Metal Weak Link for Antenna Wire 
Suspension. (Allows Wire to Fall When Overloaded) 
Whilst this link has proven satisfactory, it was thought that 
a mechanical device would be more convenient. A device that 
will relieve the strain at a pre-determined value and allow the 
antenna cable to drop for its whole length has been perfected. 
This device does away with the expense of renewals incurred by 
a breakable link, as it can be readjusted and put back into 
service after it has operated. 


T 6—Weak Link Made Up of Straight Pieces of Wire for Antenna Wire 
Suspension. (Allows Wire to Fall When Overloaded) 
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The device is shown in Figure 7. It consists of a dynamo- 
meter spring X fitted with two jaws A and B. The jaw A is 
fixed whilst the jaw В is free to open. Attached to the end of the 
jaw B is a trigger С. An adjustable arm D is attached to the 
centre of the spring. At one end it is rigidly fastened by a lock 
nut to the spring at the point E, but can move through a guide 
F at the other end, the guide being rigidly fixed to the spring. 
Turned solid with the arm D is a hub G which serves to keep the 
trigger locked under normal load conditions. As the load comes 
on, the spring compresses, thus causing the arm, and conse- 
quently the hub, to move horizontally to the right. If the tension 
in the wire exceeds the amount for which the device has been 
adjusted, the spring will be compressed to such an extent that 
the hub will clear the trigger, allowing the latter to dissengage 


FIGURE 7 Рети e for Automatically Releasing 
Wire When Tensio ges to Sleet, Becomes Too 
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itself from its locked position and thus allow the jaw B to open 
and release the cable. (The cable is attached to the device by 
means of a closed socket.) "This automatically allows the cable 
to come adrift from its anchorage, thus relieving the tension. 

For simplicity of description we will call this device the 
“Dynotrip.” This device was developed in cooperation with 
the Kolbusch Company of Jersey City. 

In order to allow the cable to drop from its suspension points 
on the towers when the tension has been relieved, а plier-like 
link, as shown in Figure 8, is used. For future reference we will 


FicuRE 8—Device for Allowing a Wire that 
Has Been Automatically Released to, Fall from 
Several Suspension Points 


call this link a *plyotrip." The angle of pull-off on this “ріуо- 
trip" is such аз to keep the jaws tightly closed as long as the 
cable is in tension. Аз soon as the tension is relieved, and con- 
sequently the angle of pull changed, the jaws open allowing the 
cable to drop from its suspension points. Аз one of these “руо- 
trips" is used at each suspension point, they all release consecu- 
tively, allowing the whole cable to drop. In order to install the 
"plyotrips" it was necessary to have the antenna wires of each 
span attached to the "plyotrips" by means of open sockets; this 
brokeup thecontinuity of the wireand introduced a possible source 
of trouble due to bad contact thru the plyotrip. This, however, 
was overcome by bridging the plyotrip by means of a piece of 
flexible braid attached to each socket lug. Also as each antenna 
wire had to be connected to the condenser to allow the current 
to pass to a common bus and thence to ground, it was necessary 
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to connect each antenna wire to the condenser at pei point of - 
suspension also. Figure 9 shows the details for the : ent 
of the antenna wires to the plyotrip and also the ecce 
nections, which connect the two cable spans together and which 
connect the cable to the sleet-melting condenser. It also shows 
the connection from the other terminal of the condenser to the 
“I” beam buses. 


Жоғ COvmcnme 


FiGcgE 9—Shows Electrical and Mechanical Connections of Antenna Wires 
to Condenser-Insulator and Bus for Sleet-Melting Antennas. 


The terminal which makes the connection to the condenser 
instead of being a lug is made in the form of a plug connector, 
shown in Figure 10. When the link releases, this plug pulls out 
and allows the cable to fall. If it were not for this plug connector 
it would be possible for the plyotrip to release and the braid 
connector take the weight, thus preventing the cable from falling. 
All these electrical connections are made of flexible copper braid 
and all lugs and terminal plugs are fitted with springs so as to 
prevent the braid breaking off at the point of attachment to the 
lugs due to vibration caused by wind. 

Figure 11 shows the general assembly of six antenna cables 
on one-half of the bridge arm, and Figure 12 shows an 
photograph of the installation. | 
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Fiure 10— Connector which Automatically Comes 
Apart When Subject to Excessive Tension. 
The “I” beams between the insulators form a common bus 
from which the down lead to the tuning coils is taken. They 
also act as spreaders for keeping the cables apart. 
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| embly Showing Suspension of Six Horizontal Antenna Wires 

for One Side of the Cross Arm of a 400-Foot Tower. Antenna Insulators 

With Rain and Corona Shields, Spreader-Bus, and Sleet-Melting Condensers 
Are Shown. 
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Етсове 12—Photograph of the Assembly 
Shown in Figure 11 as Actually Installed. 


Figure 13 shows theside elevation of the antenna and the points 
where the dynotrips and plyotrips are located т the system. It 
will be observed that the dynotrip is placed in the antenna cable 
at thefar end of theantennasystem. Thisis to facilitate operation. 
If an antenna cable drops, it is a simple matter to release this 
cable from its attachment at the power house end; retune the 
antenna by a variometer which is permanently installed in the 
antenna cireuit to compensate for changes in antenna capacity 
due to heavy wind, decrease in sag, or reduction in number of 
wires, and continue operation, the whole procedure taking only 
a few minutes. 

In order to protect the dynotrip from weather, it is enclosed 
in a canvas bag, a liberal coating of tallow being applied to the 
dynotrip and to the inside of the bag. "This does not affect its 
operation as the canvas rips open when the “гір” operates. 

Sleet melting is done from the 2300-volt, two-phase bus thru 
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Figure 13—Elevation of Six-Tower Antenna System Showing 
Location of Dynotrip and Plyotrips. 


auto-transformers which are used for controlling the voltage. 
A one-line diagram of the sleet-melting circuit is shown in Figure 
15. By means of the push button switch on the control board 
the transformer switch at the sub-station is closed, putting the 
auto-transformers directly on the 2300-volt bus. The manually 
operated O. C. B. in the switch house is then closed, thus energiz- 


Fiure 14—Antenna Dead End Structure, Showing Sleet-Moelting 
Platform, Switch Rack, and Sleet-Melting Control House. 


Digitized by Google 


194 J. H. SHANNON: SLEET REMOVAL FROM ANTENNAS 


2300 VOLT 2 $ BUS 


| 

| 

! 

! 

SUF 
77/0 | 
| 

| 

| 

-4 


— — ғ» «шо «ж «ы» әз» е» «әм o «шо «жә өше «ше «м» 


Зо 

я 
% 

% 


r--- 
Pee 

! 

1 

1 

| 


UNDERGROUND CABLE . 


-------------4 


гос. а 
t MANUALLY 
Г OPERATE O 


! SWITCH 


1 


t 
р 
! 
! 
| 
| 
| 
| 
| 


SLEET MELTING TATE 


70 TRANSMITTER 


FIGURE 15—Schematic Wiring Diagram of Sleet- 
Melting Circuit. 


ing the antenna wires. 'The transformer bank of two transformers 
is rated 500 kilovolt-amperes. They are provided with taps so that 
the secondary voltage can be varied from 1,000 volts up to 2,200 
volts in steps of 200 volts. A total of four wires are melted at 
each operation. The current required is 300 amperes at 1,600 
volts. Figure 14 shows the arrangement of the sleet-melting 
structure. The two steel towers are the dead-end anchorages 
for the antenna wires, eight wires being anchored to each tower. 
The wires are insulated from the towers by four sets of porcelain 
rods, each set comprising two hollow porcelain insulators, each 
fitted with rain and corona shields. 

The two pedestal insulators on the platform support the sleet- 
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melting switches which are mounted on an “I” beam. Each 
wire is connected to a switch by means of a piece of wire formed 
into a spiral. This is to allow for movement due to wind so that 
no heavy strain will be put on the switches. 

The auto-transformers can be seen underneath the platform. 
The small house on the platform houses the switching equipment 
and a telephone. The telephone giving communication to the 
power house is about 150 feet distant. When it is necessary to 
melt sleet the switches are opened up and the low frequency 
cables attached to the antenna side of the switch. One of the 
field tuning coils referred to earlier can be seen in the back- 
ground. 

It usually takes about five minutes to melt a !4-inch thickness 
of sleet from four wires so that on a twelve wire antenna the 


complete operation takes from twenty to twenty-five minutes 
from start to finish. 


SUMMARY: A method is described for automatically releasing the antenna 
wires in case of excessive sleet load. Should the wires break under a heavy 
coating of ice, serious damage to the self-supporting towers would result, due 
to the unbalanced load. It also describes а new type of suspension condenser 
developed for the sole purpose of preventing the low frequency energy going 
to the ground and thus making it possible to melt sleet from the individual 
antenna wires of the multiple tuned antenna without the use and inconveni- 
ence of complicated switching at each ground point. The mechanical as well 
as the electrical design of this condenser is unique. 

Further, it is believed that dynotrips and pliotrips can be adopted to 
power transmission lines in such a way as to prevent a big percentage of inter- 
ruptions. These pieces of apparatus can be so arranged as automatically to 
introduce into the lines at intervals, additional lengths of conductor and thus 
increase the sag. It is expected that for long spans over canyons, these 
would be almost indispensable. 


RECENT ADVANCES IN MARINE RADIO 
COMMUNICATION * 


Ву 
T. M. STEVENS 


(RADIO CORPORATION OF AMERICA) 


It is the purpose of this paper to outline, in а brief and 
non-technical manner, the progress made in Marine Radio 
Communication during the past few years. 

It is not difficult for us to remember that only & short time 
ago the large passenger ships nearing our shores, or lying at 
quarantine, caused untold interference to radio telephone 
broadeasting while transmitting hundreds of radiograms to 
coastal stations. Indeed, the coastal stations themselves caused 
interference to almost the same extent in sending radiograms to 
ships, or in acknowledging those received. 

After the termination of the World War, the Naval Com- 
munica ran Service, which at that time operated practically all 
coastal stations in the United States, was severely pressed for 
competent radio personnel due to demobilization. It was neces- 
sary to close many shore stations due to personnel shortage in 
order to man the fleets, compass stations, and, so far as the 
Nuvy was concerned, the more important strategical stations on 
land. | 

In the early summer of 1920 onc of the larger radio companies 
found it necessary to establish a system of coastal stations in 
order to render prompt and efficient public radio telegraphic 
service. 2-kw. spark transmitters were installed at New York 
and Cape Cod. Other spark stations were then or about to be 
placed in service at Cape May, №. J., Babylon, L. I., Brooklyn, 
New London, Newport, Siasconset, Boston, and Bar arbor. 
Shortly afterward, spark stations were established at Kast 
Hampton, L. I. and Rockland, Maine. Thus, we see there were 
no less than 12 spark stations in operation along the coast from 
Саре May to Bar Harbor. АП were operating on only two 
wave-lengths, viz: 600 and 450 meters. Approximately 90 per 
cent of the traffic to and from ships was handled on these waves. 


*Received by the Editor, November 16, 1925. Presented before THE 
InsTITUTE OF Rapio ENGINEERS, New York, November 4, 1925. 
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Imagine the interference to the marine radio telegraph service 
caused by so many stations. 


Tuning House at End of Transmission Line, Located 
1,400 Feet from the Transmitter in Power House, 
Tuckerton, N. J 


About this time broadcasting came to us. Fortunate, indeed, 
was it that vacuum tube radio telegraph transmitters made their 
appearance simultaneously. The first vacuum tube transmitter 
for commercial telegraph use in the United States was installed at 
Marion, Mass. (WCC). It was operated on 2,200 meters, dis- 
tantly controlled from the receiving station at Chatham. A few 
of the transatlantic passenger vessels were by this time equipped 
with either arc or tube transmitting attachments. The ship- 
board operators, as well as those at Chatham, were astounded 
. at the remarkable distances covered with the tube sets. The 
larger ships began to use the long wave channel almost exclu- 
sively for their traffic, and it became necessary to provide addi- 
tional channels at the Chatham station. Тһе shipboard 
transmitter could be quickly shifted from 2,100 meters (the 
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usual calling wave used by ships) to 2,000, 1,900, 1,800 meters, 


etc. Thus, Chatham could receive from three ships and transmit 
to a fourth vessel at one and the same time. 


Master Oscillator and Intermediate 
Amplifier—Short Wave CW Set, 
San Francisco, Cal. 


The use of CW vacuum tube transmitters not only increased 
the range of marine communication, but greatly facilitated the 
movement of traffic due to the possibilities of multiplex opera- 
tion, and, by the removal of heavy loads from the shorter 
wave-lengths, aided the smaller ships in moving their traffic. 

The increased range also resulted in making unnecessary 
the further operation of numerous stations along the Atlantic 
Coast. The Bar Harbor station practically ceased commercial 
activities; stations at Rockland, Me., Newport, Siasconset, 
New London, Babylon, and Cape May were closed. 

Аз the radio broadcasting activities rapidly expanded, the 
elimination of spark stations on land was pushed with all possible 
speed. The Bush Terminal 5-kw spark gave way to а tube 
transmitter. То the Chatham station were added two 5-kw 
long wave transmitters and two short wave sets. The Tuckerton 
station, replacing Cape May, used a 5-kw transmitter. A 1-kw 
get replaced the 5-kw spark at Boston. 'The same type of set 
replaced spark equipment at Galveston. Apparatus similar to 
that at Chatham replaced spark sets at San Francisco, and a 
special CW set was installed at Los Angeles. The Chicago 
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coastal station has tube equipment similar to that at Galveston 
and New York. The company with which the writer is connected 
has no spark equipment in use at its coastal stations. 
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Tuning House and Transmission Line, San Francisco, Cal. 


Although the apparatus used for transmitting was developed 
at the time of the Cape Cod installation, it was found that it 
suited the purpose without any changes. However, when the 
demand came to provide similar equipment at other stations, 
numerous improvements were made in the design tending 
toward simplicity and efficiency in operation. It was found 
feasible and advisable to use a power transmission line which 
made possible the installation of the transmitting apparatus in 
the main power house of the station, while at the same time 
erecting the antenna in the most desirable location. In the case 
of Chatham the antenna is about 800 feet distant from the 
transmitter. At Tuckerton the antenna and the transmitter are 
separated by about 1,400 feet. A novel control scheme was 
worked out whereby the operator at the receiving station could 
have complete and instant control of the transmitter through 
the use of only one control wire with ground return. The opera- 
tor can start the transmitter, change wave-lengths, select CW 
or ICW signals, and carry on telegraphic transmission, all on 
this single wire control. 

The operation of coastal stations using the vacuum tube type 
of CW and ICW transmitters does not cause interference to 
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broadcast reception. Therefore, the[bulk of the nation's marine 
. H | . . . . 
communication,between ship and shore is now carried on without 
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Views of Two-Kw., 500-Cycle Spark Set After Conversion into а Vacuum 
Right Hand View Shows Condenser and Inductance 


| Arrangement 
Several hundred sets of this type of transmitter are being converted for shipboard use 


Tube Transmitter. 


Studs and all lower 
Contact studs removed 


Tube cradle upper bracket 
47 Belden braid Note Lm new contact 


Note single lead for 
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Front and Rear Views of 500-Cycle Spark Set After Conversion to a Vac- 
uum Tube Transmitter 
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disturbing broadcast listeners. European countries are rapidly 
adopting vacuum tube equipment for coastal stations and a 
number of countries have sent their engineers and traffic experts 
to this country to get first-hand information on the type of 
equipment used in American stations. its general arrangement 
and operating procedure. 


( 


Front and Side Views of 200-Watt CW-ICW Transmitter, 
Model ET-362; —Wavelength Range 600-960 Meters 


The vacuum tube tvpe of apparatus having proven its 
superioritv in the marine field, is now rapidly replacing sets of 
the spark type not only on land but aboard ship. Several types 
of tube transmitters have been designed specially for ship instal- 
lations, ranging in power from 200 watts in the antenna to 6 
kilowatts. А 200-watt set on a ship of average size has a day- 
light range of from 400 to 600 miles under normal conditions, 
with a night range of about 1,500 miles. Another type of trans- 
mitter delivers 500 750 watts to the antenna, giving a daylight 
range of at least 1,000 miles under normal circumstances, with 
much greater range during the hours of darkness. 

The 200-watt set is usually adjusted to the following five 
wave-lengths: 600, 706, 750, 800 and 900 meters. The 750-watt 
set is usually adjusted to ten wave-lengths, including the five 
above mentioned and the following five wave-lengths: 1,800, 
1,900, 2,000, 2,100, and 2,100 meters. 

Radio telephone service is made readily available with appa- 
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ratus of the newer type through simple addition of a telephone at- 
tachment containing necessary modulatingtubes, microphones, etc. 

Another recent important development makes it possible to 
convert standard types of spark transmitters into ICW tube 
transmitters. It has been found that the waves emitted from 
such a transmitter compare favorably with pure CW. The 
range of the spark transmitter thus converted is improved prac- 


tically 100 per cent. 
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Left: Rear View of 200-Watt CW-ICW "Transmitter, 

Right: Side View of 500/700-Watt CW-ICW Trans- 

mitter, Model ET 3626—Wavelength Range 600-2500 
Meters 


The transmitters on approximately 300 American vessels are 
being rapidly converted in this manner. Thisis bound to have a 
beneficial effect in the elimination of spark interference, as well 
as In an economic way, for the reason that the spark transmitters 
now five or six years old are being modernized. 

Needless to say, the progress in the reception of signals has 
kept pace with the developments of the transmitter. Coastal 
stations have been provided with wave antennas, super-selective 
and super-sensitive receivers, and with automatic high-speed 
recording devices. 

During the past year, remarkable progress has been made in 
eliminating spark interference caused by marine radio eommu- 
nication, not only by commercial interests but by the Army, 


Navy, and Coast Guard. 
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to carry on а more extensive service with a far 


Discontinuance of the use of spark apparatus at et const stations, an 
large extent on shipboard, has almost t totally eliminated the ir 
formerly caused by spark stations. 


THE POLARIZATION OF RADIO WAVES* 


Bv 
GREENLEAF W. PICKARD 


(ConsuLTING ENGINEER, THE WIRELESS SPECIALTY APPARATUS COMPANY, 
Boston, MASSACHUSETTS) 

(Communication from the International Union of Scientific Radio 

| Telegraphy) 


In the ordinary practice of radio communication, vertical cur- 
rents at the transmitter set up vertically plane polarized! waves, 
which are received at distant points on vertical conductors. It 
has been assumed from the inception of this art that if the wave 
was vertically plane polarized at its origin, it would remain so 
at all distances, and the measurements of Austin? confirmed 
this for the low frequencies employed in trans-oceanic working. 
Later, Smith-Rose and Barfield? made similar measurements, 
extending the frequency range investigated up to 677 kilocycles, 
and finding, as did Austin at the lower frequencies, that the waves 
at the receiving point were always substantially vertically plane 
polarized. 

These prior measurements did not cover the upper portion 
of the frequency band now used in radio communication, and 
dealt only with waves which were vertically plane polarized at 
their origin, so that two questions were left unanswered. If the 
waves left the transmitter vertically polarized, but if the trans- 
mission frequency were materially higher than any measured in 
the past, would they also remain vertical at all distances? And 
if the waves left the transmitter horizontally polarized, would 
they remain so at all distances? 

The apparatus employed by my predecessors consisted of an 
ungrounded, linear Hertzian resonator, universally mounted and 


*Received by the Editor. October 28, 1925. Presented at the Annual 
Convention, January 1%, 1926, INs11ITUTE OF Карю ENGINEERS, New York; 
! [n this paper the plane of polarization is taken as the direction of electric 
force in the wave-front; optical terminology is still disfigured by placing these 
at right-angles. 
3L. W. Austin. “Тһе Wave-Front Angle in Radio-telegraphy," Wash- 
ington Acad. Sci., J. П. рр. 101-106, March 4, 1921. 
. * R. L. Smith-Rose and В. H. Barfield. “Оп the Determination of the 
Directions of the Forces in Wireless Waves at the Earth's Surface." Roy. 
Soc. Proc. 107, pp. 587-601, March 2, 1925. 


205 


206 GREENLEAF W. PICKARD 


with the receiving apparatus coupled to its center. For the meas- 
urements described in this paper, I used the same system, with 
the addition of a partial ground at the center of the resonator 
circuit, which not only determined a potential node at this point 
but made possible a second directional determination. 

It must be borne in mind when such measurements are made 
near the surface of the earth, and a portion or all of the wave 
under investigation is coming slantingly down upon the receiv- 
ing point, that some of the wave is reflected by the ground, par- 
ticularly at the lower frequencies. Therefore, save for slight 
differential effects, such apparatus gives merely a measure of the 
resultant electric force from both the incident and the reflected 
rays. It is, therefore, difficult to determine whether the wave 
reaches the receiving point along a horizontal or an inclined path, 
and, equally, it is difficult to determine the true angle of polari- 
zation in the incident ray. For example, if an incident wave 
came down at an angle of 45 degrees, with the electric vector 
at 30 degrees with the vertical, the resultant observed by the 
resonator would be a maximum electric force along a true verti- 
са], and a minimum along a horizontal line at right angles with 
the bearing of the distant transmitter, having an amplitude half 
that of the vertical. А true determination of the electric forces 
in the incident ray might be made at very high frequencies over 
high resistance ground, or, better still, the apparatus could be 
taken up a kilometer or two by an airship. 

For the measurements about to be described, I selected a site 
on the flats back of Seabrook Beach, New Hampshire, well away 
from all obstructions, particularly overhead wires, which I 
assumed would absorb any horizontal component that might be 
present. Here a wooden tower was erected, and on top of this 
tower, at a height above ground of seven meters, was mounted 
a universal joint carrying a linear Hertzian resonator, consisting 
of a single wire eight meters long. This wire could be freely 
rotated about both horizontal and vertical axes, and was broken 
at its center by an Insulator, with short leads running to an 
inductance with parallel connected condenser. The amplifier 
and observer were also placed near the center of the resonator, 
to avoid pick-ups other than by the resonator wire. The tower 
and the dispositions of apparatus on top is shown in Figures 
1 and 2. 

As with a direction-finding loop, I found it necessary to avoid 
the disturbing effects of unsymmetrical capacities from the wings 
of the resonator to surrounding objects, including, of course, the 
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amplifier and the observer. After some experiment I found a 
simple means of eliminating these undesired effects, which con- 
sisted in connecting the exact center of the resonator system to 
both the metal support on top of the tower and the filament 
battery of the amplifier. This is electrically similar to the ground- 
ing of the mid-point of a direction finder loop* in that it deter- 
mined a potential node at the center of the system, and greatly 
sharpened the indications. Another effect of this partial ground 
‘was to give the system marked directional properties in а hori- 


FIGURE 1 FIGURE 2 


zontal plane. Unless the currents flowing to this ground are in 
phase, which can only be when the wire is parallel to the wave- 
front, a signal will be produced. 

A superheterodyne amplifier, having two stages of inter- 
mediate (40 kilocycle) amplification, and one stage of audio 
frequency following the second detector, was employed in all of 
the measurements. In addition to the normal superheterodyne 
oscillator, which operated at input frequency plus or minus 40 
kilocycles, a second oscillator was used, coupled into the second 
detector, and operating at a fixed frequency of 41 kilocycles. ' 
This produced an audio frequeney beat with any intermediate 
frequency current which might be produced, and greatly in- 
creased the intensity of the signal. The voltage amplification 
of this receiver, from the grid of the first detector to the grid of 
the second, was 160, altho the measured amplification of the two 
intermediate frequency stages was 1,200. "This appears to be 
the normal performance of the superheterodyne, in which a loss 


of from five to ten-fold occurs in the frequency conversion.’ The 
tE. Bellini. “Un Nouveau Radiogoniometer avec Levée du Doute.” 
L'Onde Electrique, No. 29, May, 1923, page 241. 
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elementary electrical circuit of the Seabrook Analyzer Station 
is shown in Figure 3. 

Аз most of the stations measured were working i in code, 
galvanometer readings could not be taken, and audibility meas- 
urements were used thruout. These readings are very nearly 
proportional to the squares of the electric fields involved, so that 
in reducing my observations I simply took the square root of the 
audibility ratios. 
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In the day time, and for all frequencies under one or two 
megacycles, the maximum signal was obtained with the resonator 
vertical. Rotating the resonator about a horizontal axis, the 
signal decreased, a minimum being obtained when the wire was 
horizontal. Rotating the now horizontal wire about a vertical 
axis, the signal passed thru two nulls, 180 degrees apart and with 
the wire exactly at right angles to the line of propagation. When 
the wire was set on either of these nulls, a rotation about the 
horizontal axis of less than one degree, and about the vertical 
axis of about four degrees, sufficed to bring the signal in again. 

In the middle of the day, similar readings were obtained from 
station 2X К at Schenectady, operating at 2.75 megacycles, altho 
the null was obtained when the wire was placed in а №5 line, 
and 24 degrees from the horizontal. Schenectady lies nearly due 
west from Seabrook, at a distance of 250 kilometers, so this 
measurement indicates that altho the waves arrived at Seabrook 
with their front at right angles to the bearing of the transmitter, 
the electric force was inclined 24 degrees from the vertical. 
Altho several amateur stations at approximately the same dis- 
tance and time of day were measured, operating at frequencies 
from two to four megacycles, no such tilt of the electric force was 
found, the nulls occurring within a few degrees of the horizontal 
in all cases; this effect, so far as my observations went, seems to 
be peculiar to reception from Schenectady. 

During the month of August, 1925, and principally in the 
period from one hour before to two hours after sunset at the 


THE POLARIZATION OF RADIO WAVES 209 


receiving point, over 1,300 measurements of 379 stations were 
made. Most of these stations were operating on the two amateur 
bands of 3.5 to 4.0 and 7 to 8 megacycles, and the majority were 
within a 2,000-kilometer radius of Seabrook, altho a few European 
stations, and one South African amateur, were picked up and 
measured. All of these stations (with the exception of some 
special transmission from Schenectady) were of the antenna- 
ground or antenna-counterpoise type, operating either at the 
fundamental or a harmonic, so that the wave left the transmitter 
vertically plane polarized. In the tabulation following the 
more important results of this measurement are given. 

It will be seen from the followingtable that the principal factors 
affecting the ratio of horizontal to vertical electric force are time 
of day, transmission frequency and distance. For frequencies 
over about three megacycles, night conditions begin over an 
hour before receiving point sunset, and altho my data on this 
point are rather meagre, last until over an hour after sunrise. 
In the two large groups of amateur stations working in the fre- 
quency bands of 3.5-4.0 and 7-8 megacycles, à marked maximum 
of horizontal force occurs between 200 and 300 kilometers. An 
ill-defined minimum is then found between 500 and 1,000 kilo- 
meters, and following this а slight rise begins. My few measure- 
ments of European stations working in these bands gave horizon- 
tal-vertical ratios of two and three, respectively. 

The amateur stations measured in the United States and 
Canada subtended at Seabrook an angle of 210 degrees, and if 
the Cuban and Porto Rican stations are included, an angle of 
240 degrees. This gives abundant material for an analysis with 
respect to direction, that is, with respect to the magnetic meridian. 
Ihave made this analysis for the frequency bands of 3.5-4 and 
7-8 megacycles, but with entirely negative results; transmis- 
sion direction with respect to the magnetic meridian does not 
appear to be a factor determining the ratio of horizontal to 
vertical electric force. 

The answer to the first question is, therefore, that trans- 
mission frequencies measured in megacycles do not, like the 
lower frequencies, arrive at a distant receiving point vertically 
plane polarized. 

A partial answer to the second question came early in 1925, 
when I found that radiation at 790 kilocycles from an elevated 
horizontal doublet at Schenectady was received on a symmetrical 
T antenna and ground at Newton Centre, with approximately 
the same intensity as if it had proceeded from & conventional 
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vertical antenna. Measurements made by me in September, 
1925, with & more precise apparatus than & T antenna and 
ground have confirmed this observation, and will be described 
below. 


! Hori- ! Num- 

Distance| Time of Day | Frequency | zontal ‘Vertical’ ber of 

Kilo- (óth Мег. — |Megacycles Electric Electric, Meas 
Force | Force 


Boston, Mase........... 
Boston, Mass 


Sehenectady, N. Y 
Schenectady, N. Y 
Boston, Mass 
Boston, Mass 


s3 
oc 


Schenectady, №. Y. (2)... 
Schenectady, N. Y. (2)... 


Amateur Stations (3).............. 5 P.M.—9 P.M. | 
Amateur Stations. (21.............. 5 P. M.—9 P.M. 
Amateur Stations (3) 5 P.M.—9 P.M. 
Amateur Stations (3).............. 5p.M.—9P.M. 
Amateur Stations (9).............. : 5 P.M.—9 Р.М. 
Amateur Stationa (3) ( 5 P.M.—9 P.M. 
Amateur Stations (3) 5 P.M.—9 P.M. 
Amateur Stations (3) | 5 P.M.—9 P.M. 
Amateur Stations (3) 5 P.M.—9 Р.М. 


5 P.M.—9 P M. 
New Brunswick, N.J... 5 P.M.—s Р.М. 


New Brunswick, N. J.. ... Е 5 P.M.—9 P.M. 
New Brunswick, N. J..... 5 P.M.—9 P.M. 
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Amateur "tationis (C 5 P. M.—9 P.M. 
Amateur Stations n 5 P.M.—9 PM. 
Amateur 21% 5 P.M.—9 P.M. 
Amateur д 5 P.M.—9 P.M. 
Amateur Stations oho зелье. 5 P.M.—9 P.M. 
Amateur Stations Woo... eee. | 5 P. M. -9 F.M. 
Amateur Stations (| 3 5P. M.—9 P.M. 


5 P.M.—9 Р.М. | 
| 
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5 P.M.—9 P.M., 115 


(1 Coast Guard stations rarely мда ef give position, 
QU Кресте veetor not vertieal, Би tilted 24 dezrees toward the south. 
UM [ее States aud Canada only. 

& Theri harmone radiation, 

oR bh harmone reinen, 

6* Fist hartuodmie tad асым, 

On the morning of September 1, 1925, measurements of horl- 
zontally polarized radiation were made at the broadcasting fre- 
queney of 790 Kiloeveles. The transmitter was located at 
Schenectady, and consisted of a horizontal doublet running north 
30 degrees west, at an elevation of 90 meters. Tone modulation 
was impressed upon the carrier wave, and the test covered the 
period from 12.01 to 1.00 А. М. Ax measured at Seabrook, with 
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readings taken every minute, the plane of polarization was pre- 
dominantly vertical, the average vertical horizontal ratio for 
the entire period being 10.1. А very considerable variation in 
the ratio took place from minute to minute, as will be seen from 
a portion of the log for that period. | 


Time Vertical | Horizontal 


12.32 A.M. 10 
12.33 A.M. 3 
12.34 А.М. 5 
12.35 A.M. 10 
12.36 A.M. 50 
12.37 A.M. 20 
12.38 A.M. 
12.39 A.M. 
12,40 A.M. 
12.41 A.M. 


Maximum ratio obtained 


Minimum ratio obtained 


кі м4 мі ыыыыы 


The usual fading occurred during this transmission, but it 
was very noticeable that at times of low vertical intensity the | 
horizontal component did not decrease in the same proportion; 
in other words, the amplitude of the fading fluctuations was dis- 
tinctly less with horizontal than with vertical reception. The 
tone modulation, however, was less distorted at all times on 
vertical reception, being distinctly mushy when the resonator 
wire was horizontal. 

With the resonator wire horizontal, rotation around the 
vertical axis would frequently—every three or four minutes— 
show nearly &bsolute nulls 180 degrees apart, and with the wire 
in à SW-NE line. The maximum horizontal signal was always 
obtained with the wire in a NW-SE line. As Schenectady is 
nearly due west from Seabrook, these results show a distortion 
of wave-front amounting to 45 degrees. 

On the evening of September 2, 1925, a similar test was made 
with Schenectady, using a frequency of 3.75 megacycles. This 
schedule, which covered the period from 6 to 9 P. M., consisted 
of alternate ten-minute transmissions from vertical and horizon- 
tal doublets, and at Seabrook readings were taken every minute. 
The horizontal electrie vector was found to be over twice as large 
as the vertical, regardless of whether the transmission was hori- 
zontally or vertically polarized. For the entire period, the aver- 
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ave horizontal vertical ratio for vertical transmission was 
2.15:1, while for horizontal radiation the average ratio was 
2.16:1; that is, they were substantially identical. 

Measurements of static were also made every evening during 
August, 1925, at several frequencies. In the broadcasting band 
the static was from 90 to 95 per cent vertical. At three mega- 
cycles the vertical horizontal ratio was about 3:1, while at 7.5 
megacycles the vertical and horizontal intensities were nearly 
equal. A few measurements made at 15 megacycles showed no 
further increase in the horizontal component. 

My findings at Seabrook may be summed up as follows: 
Under night conditions for frequencies above three megacycles, 
and for distances over 50 kilometers the electric field at the 
receiving point is predominantly horizontal. The ratio of the 
horizontal to the vertical electrical component is determined 
sulely by the transmission frequency and the distance, and is 
independent of both the direction of transmission and whether 
the wave left the transmitter horizontally or vertically polarized. 

For frequencies above three megacycles, there is a real advan- 
tage in horizontal reception. Not only is the electric field and 
hence the signal stronger, but the signal stray ratio is markedly 
improved, because the horizontal component of the static does 
not increase so rapidly with frequency as does that of the 
signal. The advantage of horizontal reception is greatest for 
code working; for radiophone reception the increased audio fre- 
quency fading distortion partially offsets the gain in signal/ 
stray ratio. 


SUMMARY: Prior measurements of wave polarization made at the lower 
transmission frequencies have uniformly shown vertical electric force at all 
distances from the transmitter. The present work extends such measure- 
ments to the higher frequencies, where it was found that the electric force at 
any considerable distance from the transmitter was no longer vertical, but, in- 
stead, predominantly horizontal. Comparative measurements were also 
made of radiation alternately horizontally and vertically polarized at the 
source, which indicated that the ratio of horizontal to vertical electric field 
depended only upon the frequency, distance and time of day, being substan: 
tially independent of the plane of polarization at the transmitter. 


A METHOD OF CALIBRATING А LOW-FREQUENCY 
GENERATOR WITH А ONE-FREQUENCY SOURCE* 


Bv 
SYLVAN HARRIS 


(MANAGING Epitror, Rapio NEws) 


The object of this paper is to present a simple method of 
calibrating a generator of low-frequency oscillations with a 
single-frequency source of oscillations, such as а 1000-cycle 
carbon contact tuning-fork. It is often required to calibrate 
such a generator, or to check previous calibrations, so that the 
author believes that a simple and accurate method will be wel- 
comed by the many who do not wish to invest in the special and 


expensive apparatus generally used for this purpose. 


І000 ~ TUNING GENERATOR 


FORK 


CRYSTAL 
RECTIFIER . 


MICROAMMETER 


Гісенк 1 


The tuning-fork and the low-frequeney generator are. both 
rich in harmonies, and the method makes direet use of these. 
The schematic set-up is shown in the illustration. Тһе outputs 


of the generator and tuning-fork are combined in the trans- 


former indicated (which is the ordinary transformer used in 


push-pull amplifiers), the secondary of whieh is in series with a 
and telephone receivers. In the 


crystal receiver, microammeter 
and tuning-fork are resistances, 


output leads of the generator 
which can be varied in order to adjust the outputs to the same 
order of magnitude. The reason for this is that. if the output 
* Received by the Editor, December 30, 1925. 
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of the one is much greater than that of the other, the first is likely 
to mask the second, so that there will be no indication of beats 
in the microammeter or phones. 

The presence of beats is indicated by a swaying of the micro- 
ammeter needle, but, due to the sluggishness of the moving 
system of the meter, it is often difficult to detect the beats as 
they come into the audible range. For this reason the phones 
are included. It is not well to rely wholly on the phones, how- 
ever, on account of aural fatigue. 

Now let 

a be the order of the tuning-fork harmonic 

b be the order of the generator harmonic 

f be the frequency of the generator, and 

Л be the frequency (fundamental) of the tuning-fork. 


Then, the condition for exact resonance between the fre- 
quencies of the tuning-fork and the generator is expressed by 


ал-б/ 
| a 
or, f= ptt 


When the generator and tuning-fork are in operation, there 
will be, in general, a deflection of the microammeter needle, and 
two tones will be heard in the telephone receivers, corresponding 
to the fundamental frequencies of the generator and tuning- 
fork. No beats will be in evidence, however, until the condition 
expressed by the equation above is approached; the beat fre- 
quency will, in general, be above audibility, or too high for the 
needle of the meter to follow. 

As the condition of resonance is approached, beats will be 
heard in the phones, and the meter needle will oscillate up and 
down, attaining its maximum amplitude of vibration, and greatest 
period, when exact syntony is attained. Theoretically, the 
needle should remain motionless at exact resonance, at a certain 
constant deflection which depends upon the phase relations, but 
such exact resonance is difficult to attain. It is often possible, 
however, to obtain а period of vibration of the needle of several 
minutes, and a very accurate adjustment can be obtained by 
noting the generator condenser values which give equal periods 
of vibration of the needle on either side of the position of zero 
beat. The value of the capacity for the zero beat condition can 
then be obtained as follows: 


Let f; be the beat frequency 
c, be the capacity corresponding to zero beat condition, 
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cı be the capacity corresponding to the beat frequency, 
fo, when afi» bf, 

о be the capacity corresponding to the beat frequency, 
f», when bf 7 af, 


afi—bf=fo — 
Substituting in this the relations for exact resonance, i.e., 
b. bk 
hit M уе, 
we obtain 1 1 


This relation holds when af; is greater than bf. If the 
capacity is for an equal beat frequency on the other side of zero 


beat, we have 
1 


1 
Va va ” 
Equating these two expressions and reducing, we obtain 
| 42° — 
= ad Va)! 

This expression is rather cumbersome for ordinary use; & 
simpler expression is obtained by expressing the numerator as 
2 (а-о): —2 (с? с2?). Then substitute (с +=) for e; in the 
last term of this expression, expand the latter and drop the 
second power of z. Then 

4060-2 (+c)? —4 с сә, 
whence 46 0 7 (oet). 
Substitute this back in the original expression for c, thus: 
" (ate)? =( Дь ) ЕЕЕ 

(Veter)? v Уаз Уа 
Since c; and c; are always very nearly equal, the bracketed term 
is very nearly equal to 14. Тһе final expression then gives for 
с, the arithmetical mean of the two other values, viz., 
_ ate 
NEC 

It is evident that а great many combinations of fundamental 
and harmonics may be obtained, and several combinations may 
be used for checking & particular frequency of the generator. 
It is often difficult to locate the beats when the harmonics are 
used, so for that reason it is well to anticipate their approximate 
location. 

‚ For instance, the beats resulting from the combination of the 
two fundamentals are easily detected on account of their great 
strength. The capacity of the condenser in the generator is 


Co 
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then noted. If it is desired to calibrate the generator at say, 
857 cycles, with a tuning-fork whose fundamental 1s 1000 cycles, 
the approximate capacity required in the generator will be 
obtained by noting that the capacity required varies inversely 
as the square of the frequency. Upon setting the condenser at 
this value the beats will readily be detected by the meter or in 
the phones, with only very slight capacity change from this 
value. 

The seventh harmonie of the generator will then be in 
resonance with the sixth harmonic of the tuning, for obviously, 


857 X1 = 1000 X6 


The table below gives the various frequencies at which the 
generator can be calibrated with a 1000-cycle tuning-fork using 
the harmonics up to the tenth. The spaces left blank indicate 
duplications; for instance, the same frequency can be checked 
for either a 23 and b=4 or a=6 and 5-8, for obviously 


One of the main advantages of the method is shown in the 
table—that using harmonics up to the tenth, 63 points can be 
determined on the calibration curve using only one constant 
frequency source, the tuning-fork. Another advantage of the 
method is that due to the fact that harmonies are eract multiples 
of the fundamentals, уегу accurate results can be obtained by 
this method without much trouble. 


SUMMARY: А simple method of calibrating an audio-frequency generator 
is described, a standard single-frequency source of oscillation being employed. 
The method makes use of the harmonics of the standard source and of the 
generator being calibrated. 


THE SHIELDED NEUTRODYNE RECEIVER* 


Bv 
JouN Е. DREYER, Jn. 
HAZELTINE CORPORATION LABORATORIES, Новокем, №. J. 


AND 


Ray H. Manson 


Or STROMBERG CanLsoN TEL. Мес. Co., Носневтев, №. Y. 


Since this is the first paper before the Institute of Radio 
Engineers dealing with the ‘‘Neutrodyne”’ receiver, it is thought 
advisable to include a brief historical outline of the development 
of this device. 

In 1918, L. A. Hazeltine, then Professor of Electrica] En- 
gineering at Stevens Institute of Technology, and also serving 
in a consulting capacity to the Navy Department, was requested 
by the Navy Department to design a radio receiver. Among 
other things it was desired that there be no capacitive coupling 
between antenna and secondary circuits; for such coupling had 
been found to result in serious interference from nearby 600- 
meter transmitters when reception of signals from weak, higher 
wavelength stations was attempted. To accomplish the de- 
sired result—that of eliminating the capacitive coupling—the 
antenna tuning coil and condenser first were isolated from the 
secondary circuit by enclosing each in a separate compartment 
of heavy sheet copper. But a coupling coil, in series with the 
secondary, was needed in the compartment containing the an- 
tenna coil to give various degrees of inductive coupling, and the 
inherent capacity between these coils left a certain amount of 
capacitive coupling between their circuits. To eliminate this, 
Prof. Hazeltine wound another coil in close proximity to the 
coupling coil with one end free and the other connected to coup- 
ling coil. In addition to providing a shielding action, this coil 
was so proportioned as to number of turns and polarity that 
capacitive currents flowing from the antenna coil to 1t produced 
a magnetic effect equal and opposite to the effect produced by 


* Presented at New York meeting, INsTIruTE OF RADIO ENGINEERS, Feb- 
ruary 3, 1926. 
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the capacitive currents which flowed from the antenna coil to 
the coupling coil directly. The result obtained was then the 
neutralization of an undesirable coupling capacity by another, 
or neutralizing capacity. 

Late in 1922, Prof. Hazeltine designed, had built and suc- 
cessfully operated а radio-broadcast receiver. "This experimen- 
tal model employed two stages of tuned radio-frequency amplifi- 
cation, detector and two stages of reflexed audio-frequency 
amplification. The novel feature of this receiver was the neu- 
tralization of the capacity coupling between the successive 
tuned circuits by а method similar to the one employed in the 
Navy receiver. Since then many such receivers have been built 
and except for the abandonment of the reflex arrangement, no 
major changes have been found necessary. This is a most signi- 
ficant indication of the fundamental soundness of the original 
design. 

The neutralization of capacity coupling in vacuum-tube 
amplifiers was first made publie in a lecture before the Radio 
Club of America on March 2, 1923.! This was the advent of 
the Neutrodyne. It entirely changed the situation with regard 
to radio broadcast receivers. Prior to this time most of the re- 
ceivers in use were the three-tube regenerative type. These 
receivers were sensitive and selective, but were objectionable 
because their adjustments were interdependent and therefore 
required skill to operate them. "They also had the serious dis- 
advantage of being able to produce oscillations annoying to the 
user, which also fed into the antenna and caused disturbance to 
others. Another objection is that of the distortion introduced, if 
regeneration is depended upon to secure maximum amplification 
and selectivity. The circuits then become too sharply tuned, 
which results in the elimination of the higher audio frequencies 
in the modulated wave. (The possibility of the occurrence of 
this same effect in tuned radio-frequency amplifiers in which 
regeneration is not used will be discussed later.) The Neutro- 
dyne, however, possesses none of these disadvantages. The tun- 
ing adjustments are independent and, therefore, after a station 
has once been heard, the settings of the dials may be recorded 
for future use. No oscillations are employed and the receiver may 
be designed to have the right degree of selectivity without caus- 
ing distortion due to cutting of the side bands. 

Receivers of today of the better sort may be grouped into 


! L. A. Hazeltine, “Proceedings of the Radio Club of America," Vol. 2, 
NO. N, March, 1923. 
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two main classifications: the tuned radio-frequency receiver, in 
which the signal is amplified at the frequency of transmission; 
and the super-heterodyne, in which the signal is first changed 
to a lower frequency and is then amplified. Regenerative re- 
ceivers are still used, but in the better forms are provided with 
a tube or tubes whose internal grid-plate capacity has been neu- 
tralized to reduce the radiation. The tuned radio-frequency 
group includes the Neutrodyne and various other forms, which 
latter are known generally as “Т.К. Е. Receivers." In the latter 
attempts have been made to suppress undesirable oscillation due 
to regeneration, often by loss methods. 

FuNncTIONS OF A Broapcast RECEIVER. The broadcast re- 
ceiver of the Neutrodyne type must perform the following 
functions: 

The first function is to collect the signal on a suitable an- 
tenna. | 

The second function is to amplify the signal at radio fre- 
quency. In this process selectivity is obtained. That is, the 
amplifier, being a tuned radio-frequency amplifier, is selective 
against signals of different frequency from the desired one. The 
amount of amplification necessary is determined by the type of 
antennà used. In general, for best results, it should be sufficient, 
when adjusted to a maximum, to amplify signals which are only 
slightly stronger than the background level up to a point 
where the detector gives its normal output. 

The third function is to rectify the amplified signal current— 
that is, to change it from modulated radio-frequency current to 
audio-frequency current. | 

The fourth function is to amplify the detector output current, 
which is at audio frequency, sufficiently to produce the normal 
output voltage at the loudspeaker: In general, it may be said 
that the maximum desirable audio-frequency amplification would 
be that which would amplify а normal detector output to а nor- 
mal loudspeaker requirement. More than this is undesirable 
since tube noises and microphonic effects then become trouble- | 
some. Less than this is undesirable since the desired loudspeaker 
signal could then be attained only with an overloading of the 
detector tube. 

The final process in reception, the conversion of the amplified 
electrical energy into sound energy, is accomplished by the loud- 
speaker. This process will be considered here only in its relation 
to the design of the receiver. 


---- 
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In obtaining the necessary radio-frequency amplification and 
selectivity for the receiver, cascade amplifiers employing the 
Neutrodyne principle are used. Cascade amplification requires 
several successive tuned circuits to be coupled together through 
vacuum tubes. То avoid regeneration and the resulting dis- 
turbing oscillation, it is necessary to eliminate all couplings 
between the successive circuits except the unilateral coupling of 
the vacuum tube itself. All other couplings are reciprocal, that 
is, may transfer energy in either direction. Any coupling which 
is capable of transmitting energy from one stage to a preceding 
one gives regeneration and results in undesirable sharpening of 
the tuning, or, if present in sufficient degree, results in the pro- 
duction of sustained oscillations which interfere with the signal 
being received, and also causes disturbances to others by radia- 
tion. 

Prior to Professor Hazeltine's development of the Neutro- 
dyne, the one coupling which stood in the way of successful 
cascade amplification was the coupling introduced in the vacuum 
tube itself by the capacity between grid and plate. His method 
of neutralization, when properly applied to a radio-frequency 
amplifier, eliminates the undesirable effects of this coupling. 

Figure 1 illustrates the fundamental circuit.? И the 
nductances L, and Г» are very closely coupled, а voltage devel- 


C; 


FicvRE 1— Fundamental 
Neutrodyne Circuit 


‘oped in the plate circuit of the vacuum tube cannot produce an 


effect in the preceding grid circuit Z, provided the condenser 
С. is properly adjusted. This neutralization is independent of 
frequency. Some other forms of neutralization give the desired 
effect at the frequency to which the circuits are tuned, but are 
highly regenerative either in a positive or negative sense at other 
frequencies. This often results in the production of parasitic 


‘U.S. Patents 1,489,228 and 1,533,858. 
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oscillations which are very undesirable and prevent the cascading 
of units of this type into & multi-stage amplifier. 

There are many other forms of coupling which must be 
eliminated in a successful multi-stage amplifier. It has been 
found that unless complete shielding is resorted to, only two 
stages of Neutrodyne amplification may be successfully used. 
However, two-stage amplifiers give a degree of amplification 
which is quite satisfactory if a good capacitive antenna is u ed 
Selectivity also is sufficient without at the same time being so 
great as to cause distortion due to the elimination of the side 

bands of the modulated wave. 

Let us consider what other couplings may exist and have been 
eliminated in these unshielded receivers. There are three 
resonant circuits: one for the antenna and one for each of the 
stages of radio-frequency amplification. It is necessary that no 
magnetic coupling exist between any two of the three coils. 

In Professor Hazeltine’s design, he resorted to a novel arrange- 
ment. He developed mathematically the theorem that magnetic 
coupling between any number of symmetrical coils may be 
eliminated by placing them, with their axes parallel and at a 
certain angle? to a common line of centers. The mathematical 
assumptions made were not quite ideal, so that the true angle is 
not exactly the theoretical one, but it may be found readily. This 
arrangement of the coils has given a distinctive appearance to 
the unshielded type of neutrodyne receivers. It allows the use 
of single-layer cylindrical coils, which have proven to be the 
most efficient type of high-frequency inductance that can be put 
in & given space. 

Magnetic coupling between stages may also be eliminated by 
placing the three coils mutually at right angles or by the use of 
some special form of coil which has a confined magnetic field. 
Arrangements of this kind have certain advantages in that they 
da not pick up, magnetically, signals from strong local stations. 

If the second or third coils in the customary Neutrodyne do 
pick up from strong local stations, it may, in some instances, 
cause interference because of the fact that a signal picked up in 
this way is not subjected to the highly selective action of all 
three of the tuned circuits. However, all inductances of the last 
mentioned type, if of the same physical dimensions as the cylin- 
drical coils, have, of necessity, higher electrical resistance. Their 
use, therefore, results either in less amplification or poorer 
selectivity or in both. 

з Angle whose tangent is V 2 =54.7.° 
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Another coupling that may exist between the tuned circuits 
is that introduced by inherent capacity. Capacity between 
adjacent stages enters in the balance obtained with the neutral- 
izing condenser. Capacity of this kind is less desirable than the 
ordinary neutralizing capacity, as is explained below in connec- 
tion with Figures 2 and 3. The secondary coils themselves 
cannot be extremely closely coupled to the primaries, and 
therefore this capacity introduces neutralization of a less desir- 
able kind. 

Capacity between non-adjacent stages (between first and last 
coils in а three-circuit unshielded receiver) may result in appre- 
ciable regeneration and in oscillation when the total radio- 
frequency amplification is increased beyond a certain point. 
Many Neutrodyne receivers are supplied with a third neutraliz- 
ing condenser which neutralizes this over-all capacity. These 
receivers may obtain a somewhat higher degree of amplification 
than receivers which are not so supplied. 

It should be pointed out also that if a three-stage receiver is 
planned, four tuned circuits would have to be employed. In- 
order to properly neutralize all capacitive couplings between 
such circuits, six neutralizations would be required. This be- 
comes unwieldy and has led to the conclusion that if three or 
more stages are required, complete metallic shielding must be 
resorted to. 

There are other incidental couplings which must be eliminated 
to produce a successful receiver. Couplings introduced by the 
use of common batteries and couplings introduced by poor 
arrangement of wiring and auxiliary apparatus, have all been 
discussed in detail before.‘ 

As has been mentioned before with regard to Figure 1, it is 
desirable to have close magnetic coupling between the coils [л 
апа Lo. Figure 2 illustrates diagrammatically the effect of depar- 
ture from this relation. In this figure, a vacuum tube employing 
a tuned grid circuit feeds an ideal transformer (transformer 
having unity coupling) through an inductance L,, which repre- 
sents the action of the leakage inductance which is present in an 
actual transformer. In this case the capacity C;, may be ad- 
justed for а balance when the tube is unlighted. "This balance, 
however, is not independent of frequency, because it is а balance 
between a pure capacity C4 on one hand and the capacity plus 
the leakage inductance on the other hand. 


‘J. Е. Dreyer, Л. "Proceedings of the Radio Club of America,” Vol.3, 
No. 3, May. 1924. 
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This effect is not of serious import in the unshielded Neutro- 
dyne since the leakage inductance, L,, is always small. The 
capacity Сі is also small and its reactance is always high com- 
pared to the reactance of the inductance Lo. 

There is another effect; however, which causes the balance to 
be less than perfect. This is the effect of the plate impedance of 


Ficure 2—Effect of Lack of 
Unity Coupling 


the tube which in effect is connected between the Junction point 
of С, and Г, and the ground potential terminal of inductance J. 
Current flowing through this impedance is in nearly 90°phase 
relation to the current flowing through Cı. This causes a voltage 
to be developed in L, which cannot be neutralized by the capacity 
C». This effect is also small in the customary Neutrodyne design 
and if L, is minimized by close coupling between Lı and Le, does 
not result in appreciable regeneration. 

In the unshielded Neutrodyne, it is difficult to take full advan- 
tage of the principle of close magnetic coupling between the induc- 
tances Гл and Г for the following reason: Consider Figure 3, which 
represents a customary arrangement. The primary of the trans- 


if 
г 


Fictre 3—Efleet of Inherent 
Capacity Cz 


iormer Гл may be very closely coupled to the neutralizing section 
of the secondary L». However, Li cannot be so closely coupled 
to the entire secondary (Ls plus L3) without the introduction of 
undesirably high capacity and dielectric loss. There is, of neces- 
sity, a certain amount of inherent capacity (С) between the upper 
end of the secondary (Ls plus £4) and the preceding grid circuit. 
The fact that this capacity is present causes the neutralizing 
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capacity C; to be smaller than it would be otherwise. In other 
words, the inherent capacity C; enters into the balance. The 
fact that it is present may be considered electrically as intro- 
ducing additional leakage inductance in the plate circuit of 
tube. This is undesirable, as has been stated before. 


Гве or SHIELDING 
Figure 4° illustrates diagrammatically the arrangement of 
one stage of а multi-stage amplifier, in which the metallic shield 
minimizes all other couplings and the neutralizing coil L;, to- 


Figure 4—Shielded Stage of а Multi- 
stage Amplifier Proposed by Prof. 
Hazeltine in 1919 


gether with the condenser C; eliminates the effect of the tube 
capacity. | 

Viewed broadly, this is the ideal solution of the multi-stage 
amplifier problem. The magnetic and dielectric fluxes associated 
with each stage are well isolated from all other stages by the 
metallic shielding. The magnetic flux which penetrates low- 
resistance shielding is very small—so small that it is unnecessary 
even in the compactly-built receivers, to take precautions such 
as placing the coils at critical angles. All capacities existing 
between adjacent stages or between non-adjacent stages are 
completely eliminated, except, of course, the capacity introduced 
by the elements of the vacuum tube, together with the capacity 
between the input and output circuit within the stage. This 
last is completely and properly neutralized by the condenser C; 
and the closely coupled inductance Lz. 

The use of metallic shielding in vacuum tube amplifiers and 


s U. S. Patents Nos. 1,489,228 and 1,533,858. 
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that of a third or neutralizing coil were among the arrangements 
originally suggested by Prof. Hazeltine. 

Referring back to Figure 3, it should be noted that the 
interposition of а metallic shield in the manner illustrated in 
Figure 4 eliminates the undesirable capacity С;, so that all of 
the neutralization is accomplished by С). The coil L of Figure 
4 may be closely coupled to the primary coil without introducing 
undesirable capacity. This results in almost complete elimina- 
tion of the leakage inductance Г, Figure 2, and, therefore, in the 
elimination of the undesirable effects which accompany this 
inductance. 

It has sometimes been thought that metallic shielding placed 
in close proximity to the inductance coils would result in the 
introduction of serious losses. Measurements, however, indicate 
that this is not the case. Figure 5 illustrates how the losses 
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Ғіссве 5—Losses of a Resonant 
Circuit 


(given in terms of equivalent conductance at resonance) vary 
over the broadcast wavelength rango. 

Curve а represents the variation in loss of a resonant circuit 
consisting of a single-layer inductance, 80 turns of No. 24 A. W.G. 
double cotton-covered copper wire on a 2-inch diameter tube 
tuned with а 500-micromicrofarad air condenser. 

Curve b shows the slight increase in loss caused by enclosing 
the inductance in a sheet copper box whose walls were 0.019 in. 
thick and separated by about 1 in. in all directions from the 
windings. The increase in loss is due mainly to the decrease in 
inductance, which necessitates the use of a higher capacity at a 

Cr келе r | 
given wavelength. (у= ju (22 та NIE where g is the con- 
ductance, C the capacity, L the inductance, r the effective series 


resistance and w the angular frequency. ) 
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Another argument advanced against the use of shielding, and 
which was quite pertinent, was the fact that the eddy current 
set up in the metal by the magnetic fields of the coils might 
circulate to the shielding of preceding stages and by their own 
magnetic effect cause undesirable coupling. It was this 
effect which caused the failure of partly shielded Neutrodynes. 
Such currents, however, are confined locally, if separate metallic 
containers are used for the separate stages or if the shielding is 
built into а single unit of low-resistance short-circuiting paths. 

Many also were afraid of the prohibitive costs of metallic 
shielding. However, when it is considered that copper or brass, 
which are commonly used for this purpose, are excellent struc- 
tural materials, on a strength basis, this cost argument loses its 
force. 


DEVELOPMENT OF THE THREE-STAGE, COMPLETELY SHIELDED 
NEUTRODYNE 


The above considerations and others point to the-desirability 
of isolating the separate stages of the amplifier from one another 
by metallic shields. Having decided to do this, let us consider 
the design of a broadcast receiver of such a type. 

First, the use of shielding makes it possible to increase the 
number of stages. The use of three stages of “Shielded Ampli- 
fication” results in a total radio-frequency amplification which, 
when a small capacity antenna is employed, is sufficient to meet 
ordinary requirements. Three steps necessarily result in four 
tuned circuits which, if separately controlled, would be unde- 
sirable from the operator’s standpoint. However, the last three 
tuned circuits may be made identical. A vacuum tube precedes 
each stage and follows each stage and, therefore, with proper care 
in the mechanical design and a slight change in the electrical 
design of the transformers, it becomes quite practicable to tune 
all three of these circuits with a single control. 

The antenna circuit, however, is inherently different from the 
other circuits in that no tube precedes it. Also, it may be de- 
sirable to use a loop type antenna whose minimum capacity is 
likely to be variable. For this reason, it is most desirable to tune 
this circuit with a separate condenser. When this is done, all 
precautions may be taken in order that the antenna circuit may 
have а low а resistance as possible and thus contribute to the 
selectivity of the receiver as а whole. 

The three other circuits, since they are controlled with a 
single adjustment, must be so designed as to have individually & 
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broader resonance curve than the circuits employed in the un- 
shielded receiver. This can be done without serious sacrifice in 
amplification and with an actual gain in uniformity over the 
wavelength range by the use of a transformer designed as follows: 

Figure 6 illustrates such a transformer. The primary and neu- 
tralizing windings are wound on an inner cylindrical tube which 
has been threaded with a double thread. The number of primary 
turns is considerably increased above that used in the unshielded 
type of receiver. The secondary coil is wound on a threaded 
tube which fits closely around the inner tube. It must be de- 
signed to have a lower inductance than would be required in a1. 


FicurE 6--Arrange- 
ment of Inter-stage 
Transformer 


unshielded transformer, because of the fact that relatively high 
number of primary turns and close proximity of these turns to 
those of the neutralizing winding result in a high minimum 
capacity of the circuit as a whole. This requires the use of a 
larger tuning capacity than would otherwise be required. 

The high minimum capacity also introduces dielectric losses 
which are more important at the high-frequency end of the scale 
than at the low. This results in a flatter conductance curve, 
and, since the amplification is a function of the conductance, 
the amplification of the transformer, as a whole, is more nearly 
uniform. This arrangement of the primary and neutralizing 
winding results in a very high coefficient of magnetic coupling 
between these circuits; in this way the full advantage of the 
Neutrodyne method of capacity neutralization may be realized. 

Figures 7 and 8 illustrate the performance of two types of 
transformers. Figures 7a and 8a illustrate the amplification per 


TE: TH | ; 
* Amplifications a T where 7 is the effective turns ratio, secondary 


to primary; p the amplification factor of the tube; g, the plate conductance 
of the tube, and g the conductance of the tuned circuit at resonance. 
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stage and resonance curve of а transformer suitable for a two- 
stage unshielded receiver. Figures 7b and 8b illustrate the same 
properties of а transformer suitable for & three-stage shielded 
receiver. It should be noted that the three-stage transformer 


VOLTAGE AMPLIFICATION PER STAGE 
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Figure 7— Voltage Amplification per Stage 
of Radio Frequency Transformers 


has a considerably broader resonance curve and hence is more 
easily adaptable for use with “gang” controlled condensers. The 
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Е1совЕ 8—Resonance Curves, Tuned Radio 
Frequency Transformers 


loss in amplification is more than made up by the additional 


stage. 
In multi-stage amplifiers certain other precautions in the 


wiring and arrangement of circuits is necessary to prevent 
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incidental couplings of the type mentioned before when dis- 
cussing the unshielded receiver. Figure 9 illustrates diagram- 
matically the ideal arrangement of two of the stages of a multi- 
stage amplifier showing the necessary by-passing and filtering 
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that is required in the battery leads to prevent radio-frequency 
currents from passing out of the separate compartments and 
intermingling. This diagram illustrates the ideal arrangement 
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and some of the precautions illustrated here are not necessary 
in & three-stage receiver. They become of more and more im- 
portance the higher the total amplification, and all of them 
appear to be necessary in а four-stage receiver. 

Even with precautions of this type there seems to be an upper 
limit to the amplification that may be obtained at the broadcast 
frequency. This limit is not reached with a three-stage receiver 
but may be with a four-stage. It appears to be due to radio- 
frequency potentials which build up upon the shielding of the 
last stage. These potentials are capable of feeding back energy 
to the antenna through the inherent capacity between these 
shields and the antenna. They are due to the capacitive and 
magnetically induced currents in the shielding. It is possible 
that this limitation may be removed by the use of double shield- 
ing. Fortunately, however, it occurs only when the total voltage 
amplification obtained is over 10,000. This is more than can 
be usefully employed in broadcast receivers. 

Another limitation of considerable importance is that imposed 
by the variation in tube-coupling capacity. Receivers are bal- 
anced for normal tubes, but due to the lack of uniformity of 
tubes as delivered to the purchaser, allowances for such varia- 
tion must be made. 

Regeneration or oscillation, if present, due to inexact balance, 
is most noticeable in the first circuit, since no tube precedes it 
and since this circuit is of lower resistance than the others. It 
13 desirable, therefore, to sacrifice somewhat the amplification of 
this stage, in order to gain stability against variation in tube 
capacity (tube tolerance). This may be done by connecting the 
grid о the first tube to а tap at the centre of the first inductance 
coil. 

Briefly, then, the advantages of shielding as applied to Neu- 
trodyne receivers, are as follows: 

1—Due to the removal of stray capacity and inductive 
couplings, the use of shielding makes possible the 
construction of three or four-stage tuned radio 
frequency amplifiers. 

2—With complete shielding, perfect neutralization may 
be obtained. 

à— Magnetic or capacity pick-up of interfering signals 
on intermediate circuits, is eliminated. 

4—The number of tuning adjustments may readily be 
reduced to two. 

1 This arrangement is due to Mr. W. A. MacDonald. 
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AUDIO-FREQUENCY AMPLIFIER 


In considering completely & radio receiver, some mention 
must be made of the audio-frequency amplifier employed with it. 
It is regrettable that in the past very little emphasis has been 
put upon the design of the audio-frequency portion of many 
receivers. | 

For satisfactory reproduction, audio-frequency amplifiers 
must satisfy two main requirements. First, they must be able 
to deliver to the loudspeaker as high an output as is desirable 
without the introduction of undesirable harmonics. In many 
amplifiers, undesirable harmonics are produced by overloading 
in the grid and plate circuits of the last tube even on moderate 
volume requirements. This limitation may be completely re- 
moved by the use of higher power vacuum tubes (tubes whose 
filaments have higher total emissions) together with the proper 
“B” and “C” voltages. If the user is content with moderate 
volume, an amplifier employing the 201-A and 112 type tubes 
may be made quite satisfactory. 

The second main requirement of an audio-frequency amplifier 
is that it must have a proper amplification frequency charac- 
teristic curve, which when combined with the characteristic 
curve of the radio-frequency circuits and the loudspeaker, will 
result in a satisfactory over-all performance. It goes without 
saying that this frequency characteristic should be invariable 
and not dependent on circuit conditions. This is not always the 
case in conventionally designed: amplifiers. 

In transformer coupled audio-frequency amplifiers, the indi- 
vidual transformers must be carefully designed so as to have 
sufficient impedance at the lower audio frequencies to prevent a 
fall in amplification at these frequencies. Also, the distributed 
capacity and leakage inductance in the secondary must be con- 
sidered, in order that the transformers shall not have a greatly 
exaggerated amplification at these higher speech frequencies 
(the resonant frequency of the secondary leakage inductance with 
the distributed capacity of the secondary). There are various 
methods of removing this “second peak." It is felt, however, 
that too much stress has been laid in the past on the frequency 
characteristic of the individual transformers. The characteristic of 
the amplifier, as a whole, may be much distorted by regeneration 
at audio-frequency. Figure 10 illustrates some of these effects. 
Curve (a) is the characteristic of an amplifier with all regenerative 
actions suppressed. Curves (6) and (c) show the characteristic 
of the same amplifier with distortion resulting from regeneration 
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due to impedance in the common “В” current supply. · Imped- 
ances sufficient to cause this type of distortion may be found in 
dry “В” batteries after a few weeks’ use or in “В” socket power 
devices from the start. This type of distortion is probably the 
most common source of dissatisfaction with amplifiers now on 
the market. It may be removed by the use of a separate detector 
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“В” unit or by proper filter arrangements which are now being 
investigated. 

Curve (d) illustrates a distortion arising from capacity coup- 
ling between the output of the last tube and the detector grid, 
if grid-circuit detection is used. This may be entirely removed by 
shielding the detector tube in а metal compartment, or by the 
use of plate-circuit or mutual detection. 

Curve (d) also illustrates a distortion arising from mechanical 
regeneration from the loudspeaker to the elements of the detector 
tube. The use of spring cushion sockets is helpful in preventing 
this type of distortion, but not wholly satisfactory since the 
vibration may sometimes be transmitted through the air. When 
springing is resorted to, the mechanical frequency of the device 
should be below the audible range. Felt-lined compartments for 
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detector tubes are helpful in minimizing this effect. 
cases rigid mounting of the tubes is desirable. 

Distortion of this latter type may be caused by microphonic 
action of the radio-frequency tubes or even of the tuning con- 
densers. The action is then а modulating one and only occurs 
when a carrier frequency is present. 

If any of the above-mentioned effects are present to an extent 
slightly greater than illustrated, continuous howling takes place. 
When this occurs, it becomes at once apparent. It is desired to 
emphasize the fact, however, that distortion may occur from 
these effects even though no continuous oscillation or howl takes 
place. 
The proper shape of the most desirable audio-frequency 
characteristic curve depends largely upon the loudspeaker. Those 
of the paper cone type are satisfactory, but even these seem to 
over-emphasize the higher frequencies. This is partially cor- 
rected by the radio-frequency circuits. It has been found 
necessary, however, for most pleasing results, to diminish the 
high frequencies to a still greater extent. This may most con- 
veniently be done by the use of a condenser of the order of 0.01 
microfarad in parallel with the loudspeaker. Suppression of the 
higher audio frequencies by this method is helpful in minimizing 
interference from stray disturbances since they appear principally 


as high audio frequencies. 


COMMERCIAL DESIGN OF A SHIELDED NEUTRODYNE RECEIVER 


One of the first designs of totally shielded Neutrodyne 
receivers to be manufactured was a six-tube model, which was 
first produced in quantities in the fall of 1925. It serves as a 
good example of the principles just enumerated for a three-stage 
shielded Neutrodyne receiver. 

In general, this receiver consists of three stages of tuned 
radio-frequency amplification, a vacuum-tube detector and two 
stages of transformer-coupled audio-frequency amplification, the 
four tuned radio-frequency circuits and accompanying apparatus 
being enclosed in individual shields. 

ReEcEIVER Circuit. А simplified circuit diagram of this 
receiver is shown in Figure 11. It will be observed that each of 
the three radio-frequency tuning circuits is enclosed in a separate 
shielded compartment which contains the following apparatus: 

(a Radio transformer of the general design shown т 
. Figure 6. 
(b) Variable tuning condenser (Figure 17). 
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(c) Tube Socket and Vacuum Tube. | | 
(d) Neutralizing condenser of the design shown in 
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(e) Fixed by-pass condenser (1 m.f.) for the “А” battery 
supply leads. 
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(f) Fixed by-pass condenser (1 m.f.) for the “В” battery 
supply leads. 

The detector-shielded compartment contains, in addition to 
the above apparatus, the following: 

(4) Condenser В, of the type shown in Figure 22, con- 
nected across the variable condenser of the 
fourth tuning stage, to raise its capacity to that 
of the preceding three tuning stages, which 
already have in effect similar increase in capacity 
due to the neutralizing condensers, also of the 
type shown in Figure 22. 

(h) Fixed grid condenser of 0.00025 mf. capacity. 

() Fixed by-pass condenser of 0.002 mf. capacity. 

(j) Grid leak of 2 megohms resistance, connected be- 
tween the grid and the “--Е” terminal of the 
detector socket. | 

As previously explained, the use of the individual shields and 
the several by-pass condensers confines the action of each radio- 
frequency tuning and amplifying stage within its particular 
shield and thereby avoids inter-stage and over-all couplings. 
Additional precautions against these couplings are provided by 
shielding the three wires that inter-connect the shielded radio 
amplifier compartments, as shown at Ei, E», and E; in Figure 11. 

No shielding is used for the audio amplifier system of this 
receiver, due to the fact that that portion of the circuit is suffi- 
ciently stable in itself and to the fact that the remainder of the 
receiver, including the detector circuit apparatus, is completely 
shielded. 

Further consideration of the circuit, Figure 11, shows the 
following features: 

1—А switch for connecting the antenna to the complete 

primary or to а tap “В” in the primary winding of 
the first radio transformer, so as to accommodate 
different sizes of antennas and provide increased lati- 
tude of sensitivity and selectivity in the operation 
of the receiver. 

2—The use of the scheme, previously described, of con- 

necting the grid of the first radio tube to а mid-tap 
D of the secondary winding of the first radio trans- 
former, to gain stability against variation in tube 
capacity. 

3—The provision of а by-pass condenser across the out- 

put circuits of each of the audio amplifier tubes, for 
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cutting down the higher audible frequencies to com- 

pensate for over-emphasis of these frequencies in 

some types of loudspeakers, as previously described. 
4—The provision of three output connections for various 
types of reproducers, as follows: 

(a) Binding posts connecting to the output of the 
second audio tube for a permanently wired loud- 
speaker. 

(b) А cut-in jack F located on the front panel of the 
receiver, to which an external loudspeaker or a 
radio headset can be connected and at the same 
time cut off the circuit to the permanently-wired 
loudspeaker. 

(c) А cut-in jack С located on the terminal board at 
the rear of the receiver, to which any one of the 
various so-called **Super-Power" amplifier equip- 
ments can be attached. It will be noticed that 
the inserting of a radio plug into this jack cuts 
off the second audio tube and connects the ex- 
ternal amplifier to the output of the first audio 
tube, thereby providing the one stage of audio 
amplification that is required between the 
detector and the super-power amplifier to pre- 
vent overloading of the detector tube. 

5--А filament “voltage control” consisting of а rheostat 
connected in series with the “А” current supply to 
all six tubes, with a voltmeter V on the filament side 
of the rheostat. The voltmeter is provided with a 
red line at the 5-volt division and has printed on its 
face in large type the following wording, “Keep 
pointer to left of red line." It has been found in ser- 
vice that the voltmeter serves several useful pur- 
poses, as follows: 

(a) Avoids over-voltage on tube filaments, giving 
longer active life for all tubes in the receiver. 

(b) Indicates condition of battery. 

(c) Serves as a visual indication that the receiver is 
connected for operation. 

6—A “volume control" consisting of a rheostat for 
regulating the filament current supplv to the first 
radio amplifier tube. Ву regulating the strength of 
signal at the first shielded compartment, it is possible 
to get a wide range of volume control and avoid the 
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detector tube overload distortion that is encountered 
when the voltage control is located at or after the 
detector tube. This type of volume control is made 
feasible by the shielding of the radio stages which 
prevents couplings of succeeding radio stages back 
to the antenna.  Incidentally, the variation in 
current supply to the first tube filament, due to this 
volume control, does not change the voltage on the 
filaments of the remaining five tubes by a sufficient 
amount to require correction at the voltage-control 
rheostat. 

7—The use of а third or neutralizing coil М, № and М; 
for each radio-frequency transformer, as previously 
described in connection with Figure 4. 

8—The providing of an impedance coil H in the detector 
tube plate current feed, which, combined with the 
1-mf. by-pass condenser connected between this coil 
and the primary of the first audio transformer and 
the shielding of the detector tube enclosure, serves 
to prevent audio regeneration, when the B current 
supply has а high impedance, as previously ex- 
plained in connection with Figure 10. This arrange- 

. ment is due to Mr. Н. A. Wheeler. 

STATION SELECTING SYSTEM. Тһе wiring diagram, Figure 
11, shows four tuning circuits, normally requiring four station 
selecting controls, one for each of the variable condensers С,, 
C», Сз and С, A receiver made with these four controls would 
involve no special mechanical design or difficult manufacturing 
methods in its production. However, providing the three tuning 
condensers Сз, Су and C, with a common drive, leaving the 
antenna tuning condenser on a separate control, so as to reduce 
the station selector controls to two, as previously described, 
introduces some mechanical problems that require special treat- 
ment. It is obvious that all three of the tuning coils used in the 
2nd, 3rd and 4th tuning circuits must be alike in inductance 
and that three associated capacities also must be alike for each 
setting of the station selector throughout the complete scale. 

The construction of the tuning svstem must be such that it 
will not be disturbed by rough handling during shipment or by 
subsequent wear of the driving mechanism or by mechanical 
displacement through temperature changes. The requirement 
that each of the three tuning condensers be enclosed in individual 
shields, also complicates the problem. 
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[n this «ix-tube shielded Neutrodyne receiver, these problems 
have been solved by employing a chassis construction that is 
entirely new to radio receiver design. А heavy steel angle-iron 
framework, with suitable steel cross members, shown in Figure 

И, serves, n» a base upon which all operating apparatus is 
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FIGURE 12 


mounted. The complete chassis assembly, with tops of the shields 
nanoved, is shown in the two views, Figures 13 and 14. 

'l'he three tuning condensers Cs, Сз and С, are driven by а 
solid one-piece 5-16 inch diameter steel shaft, which extends 
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FIGURE 13 


rom the station selector dial pointer, through the hollow sleeve 
shafts of the separate condensers and the three main shaft sup- 
porting bearings, ах tustrated in the cross-section diagram 
Figure Do. 
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A view of the main driving shaft and the three bearing 
brackets, which are assembled directly on the chassis, is shown 
in Figure 16. An adjustable, flexible, spring-type bearing is 
employed to provide against shaft looseness, due to wear. This 
type of bearing adjustment is shown more clearly in Figure 18. 
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The one-piece driving shaft construction is made possible by 
using a hollow sleeve type of rotor shaft on each tuning condenser, 
as shown in Figure 17, and in the diagram, Figure 15. "This 
allows individual condensers to be assembled and accurately 


SHIELD LOCATIONS 
pee S 


— ——— m «» «ше — «ке «ке «м» «м — Аис с — — — «ке «ме — «м» «ме — өше «> — 
STATOR FRAME. SET SCREWS TO KEY SLEEVE ТҮРЕ SHAFT 
ALIGNMENT SCREW S. ROTORS TO MAN SHAFT FOR BACH CONDENSER 


*c-4* 


— = жез am өш» еше өк» —— — жм” 
— — —— MÀÀ— «өле» — — — M — 


НАНТ М ‚, 7 mummecctosenveoocceoseoum ~> 


2..... 
> UN 


M СЕ? се ынын CHASSIS CROSS MEMBER 


FIGURE 15 


adjusted before mounting, the same as for any single-type varia- 
ble condenser, and later slid on to the one-piece driving shaft and 
locked to the latter by two hardened steel set screws as shown 
in Figure 15. Thus, the one-piece shaft serves mainly as a means 
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for revolving the three condenser rotor plate assemblies, pro- 
viding positive drive, not unlike that employed in the so-called 
“full floating rear axle” of a modern automobile. This construc- 
tion also simplifies the mounting of the three variable condensers 
in separate shielded compartments. 

While the construction just described provides for driving 


Е1ссвЕ 16 


all three sets of rotor plates in unison, the scheme is made still 
more practical by adjustably fastening each condenser frame 
(stator assembly) to the main drive shaít-bearing bracket, as 


FIGURE 17 


shown in Figure 18. Ап adjusting screw (А) passes through a 
clearance hole in the lugBof the main bearing bracket and threads 
into the lug D of the tuning condenser frame (stator assembly). 
À spiral spring C serves to swing the condenser assembly counter- 
clockwise, when the adjusting screw is turned in a counter- 
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clockwise direction and vice versa, as well as to maintain the ad- 
justment against looseness. This adjustment provides a simple 
and accurate means for condenser alignment, as subsequently 
described. 

CONSTRUCTION OF TUNING CONDENSERS. The mechancial 
accuracy in the construction of individual condensers to provide 
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for sharp tuning at each setting of the station selector control 
is attained as follows: 

(a) By the use of flat heavy-gage brass plates, assembled 
in accurate spacing fixtures and soldered together 
through overlapping lugs provided on the edges of 
the plates. 

(b) By employing wide spacing between plates. 

(c) By the use of a large number of plates, 19 stator and 
20 rotor plates per condenser. 

(d) By adjusting for trueness of plates while rotating. 

(e) By the use of spring-type bearings as shown in Fig- 
ure 18, to avoid looseness due to wear. 

(f) By taking all end-thrust of rotor shaft at one 
bracket of the condenser frame, the bearing at the 
other bracket being allowed to float. 

These precautions in design and assembly of the variable con- 
densers make it possible to pick, by suitable test methods, con- 
densers for any one shaft assembly that have less than 0.4 per 
cent. total variation, this being found sufficient accuracy to pro- 
vide a wide factor of safety for succeeding operations and for any 
changes that can occur, due to wear while in service. 

The maximum capacity of these condensers is approximately 
800 mmf., this being required, due to the high minimum capacity 
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of the circuit when the condenser rotor plates are out of mesh 
with the stator plates. 

ТУРЕ OF CONDENSER USED. It should be noted here that the 
type of condenser employed is the straight-line-capacity design, 
thereby giving equal changes in capacity in all three condensers 
on the common drive shaft for each division of the tuning scale, 
regardless of whether the stator and rotors of the three conden- 
sers аге in exact mechanical alignment. - This provides for an 
electrical alignment of condensers, which can be made after the 
shields are in place, so as to compensate for slight differences in 
the three shielded compartments. 

The straight-line-capacity condenser also is desirable for 
completely-shielded type receivers, due to compactness. The 
present congestion of broadcast stations on the lower wave 
lengths makes it difficult to successfully bring in distant stations 
on the channels between 200 meters and 280 meters without 
interference. Usually, only a few powerful or nearby stations in 
this range can be selected with any degree of freedom from beat- 
ing between transmitted carrier waves. 

The tuning system of this receiver has been designed so that 
the broadcast range, 200 to 550 meters, just fills the station 
selector scale, allowing about 3 or 4 divisions at each end for 
manufacturing variations. 

The station selector pointer is keyed and fastened directly on 
the end of the condenser driving shaft, avoiding lost motion that 
otherwise would cause inaccuracy in logging station settings. 
The operation of the station selector is made positive by use of a 
10-to-1 reduction gear between the operating knob and the con- 
denser driving shaft. It is felt that this arrangement results 
in a satisfactory spacing of the broadcast channels even with the 
use of a straight-line-capacity condenser. 

CONSTRUCTION OF Каро TRANSFORMERS. All four of the 
tuning coils used in this receiver are of the type described in the 
first part of this paper and shown in Figure 6. 

The primary is wound on a cylindrical formica tube 214 inches 
in outside diameter with 20 double threads per inch cut in the 
outside surface to accurately locate the turns of the single-layer 
winding. As will be noticed from Figure 11, the antenna trans- 
former has a single inner winding while the other three tuning 
stages have two inner windings. In these latter three transformers, 
thetwo wires of the two inner windings are wound together in ad- 
jacent grooves of the double thread, thereby giving а close coup- 
ling between the primary and the neutralizing winding. These 
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two windings are made with No. 29 A. W. G. double-silk-covered 
copper wire. 

The secondary is wound on а cylindrical formica tube 234 
in. in outside diameter. with 24 threads per inch cut into the out- 
side surface to accurately locate the turns of the single-layer 
secondary winding. This winding is made with No. 20 A. W. С. 
black-enamel copper wire. 

By maintaining mechanical accuracy in the coil tubes and the 
winding, it is possible to keep the completed coils well within a 
0.2 per cent. inductance variation. 

The primary coil tube fits closely inside of the secondary 
coil tube and the assembly is mounted vertically within the 
shielded compartments as shown in Figure 13. The individual 
shields prevent any noticeable magnetic coupling between coils. 

CoNSTRUCTION OF SHIELDS. The individual shields of this 
receiver are made in three parts, the bottom, the rectangular 
box-shaped top, and the cylindrical-shaped tube cover, as illus- 
trated in Figure 19. 

The shield bottom is constructed of heavy gage brass (0.040 
in. thick) and serves as a support for the tuning coil, tube socket 
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shelf, and two large fixed by-pass condensers, as illustrated in 
Figure 20. 

The shield top is constructed of heavy gauge sheet copper 
(0.082 in. thick) with a polished copper surface inside and a 
tinned surface outside, the latter to facilitate soldering the seams 
when assembling this portion of the shield. The rectangular top 
shield fits closely over the bottom section with an overlap of 4 
in. all around. 
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The tube cover is drawn from one piece of heavy brass or 
copper and is designed to fit the tube opening in the rectangular 
shield top. 

Facrory TESTS AND ADJUSTMENTS. Besides the tests for 
accuracy of the variable condenser capacity and tests for the 
electrical constants of the tuning coils, it is necessary to electri- 
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cally align the second, third and fourth tuning condensers, to 
neutralize the three radio amplifier stages, and to obtain readings 
for the calibration curve that is furnished with each receiver. 

The condenser alignment is made by first tuning-in a signal 
at the high wavelength end of the station selector scale, then 
rotating the stators of the second and third condensers (the two 
nearest the front panel of the receiver) by means of a screw- 
driver inserted through а hole in the top of the shield, as shown 
in Figure 21. The screwdriver engages the adjusting screw, 
Figure 18, and allows for changing the stator with respect to the 
rotor. The output of the receiver is measured by a thermo- 
galvanometer, the alignment for any one of the three condensers 
being considered correct when the maximum meter reading is 
obtained. 

The fourth tuning stage, located in the detector shield, 
usually is adjusted first, by changing the capacity of the “рад- 
ding" condenser, R, Figure 11, so as to give the proper top and 
bottom selector scale margins for the broadcast wavelength band. 

After aligning at the high end of the scale, the accuracy of 

alignment at the other end of the scale is checked by the thermo- 
` galvanometer method just described. 

The neutralizing operations follow the regular practice ex- 
cepting that it is not convenient to block the filament connection 
in the new X-type of tube sockets, which are employed in this 
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receiver. Instead, the “+B 90-volt" current-supply wire is 
disconnected from a terminal, Tı, Т» ог Тз, Figure 11, provided 
on the bottom of each of the radio amplifier shields. By referring 
to the circuit, Figure 11, it will be noticed that the radio-frequency 
circuit is left intact when this B-battery circuit is opened, it then 


FIGURE 21 


being maintained from the transformer primary windings, P,, 
P; and P;, through the 1 mf. by-pass condenser M;, M; and M; 
to "—F" terminals of the tubes. 

The neutralizing condenser used in these receivers is of a 
simple design, as shown in Figure 22. A spring-type hexagonal 
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nut operates to change the position of a flat spring plate with 
respect to a similar stationary plate, when this nut is turned with 
а hard-rubber socket wrench as shown in Figure 23. The operator 
uses &.radio headset, plugged into the output of the second 
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audio tube, to determine when the point of balance has been 
reached. 

Following the alignment and neutralizing operations, a 
calibration curve of each receiver is hand-drawn from five points 
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taken on the right hand station selector with the aid of a wave 
meter. These points can be made very accurate, as this selector 
control operates the three condensers of the second, third and 
fourth tuning stages and is extremely sharp when the volume 
control is turned down. The accuracy of this calibration curve, 
therefore, is not affected by changes in antenna conditions nor 
by slight differences in tube capacity. 

AUDIO AMPLIFIER SysTEM: As previously stated, the audio 
system of this receiver is of the two-stage transformer coupled 
type, with the second audio stage designed for a power output 
tube, such as the UX-112. 

The audio transformers are specially designed to give a flat 
voltage-amplification curve over the range of audio frequencies 
that are considered essential to good quality reproduction. The 
usual "second peak" in the amplification curve, previously men- 
tioned in this paper, is removed by the use of a short-circuiting 
band of copper applied around the outside of the secondary 
winding. 

The turns ratio of these transformers, combined with the 
action of the short-circuit band, give a resulting voltage amplifi- 
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cation for the transformers alone of approximately 316 to 1 for 
the first audio stage and 2 to 1 for the second audio stage. 

As shown in the circuit Figure 11, both stages of the audio- 
system are connected to the loudspeaker output binding posts 
and output “phone” jack at all times, thereby including sufficient 
audio amplification to insure ample volume of loudspeaker signal 
without the common tendency to overload the detector tube. 

The complete receiver chassis is a self-contained unit that is 
designed to slide into an opening in a radio cabinet, similar to 
a desk drawer, and to be held in place with two 5-16 inch diam- 
eter automobile type cap screws, threaded directly into the 
rear member of the steel chassis framework. In some cabinets, 
these two screws need be used only for shipping purposes, and 
removed when the receiver is installed, thereby allowing the 
chassis to pull out like а drawer for inserting tubes, etc. 

The individual shield covers are fastened securely to this 
chassis framework and therefore are sufficiently rigid to serve as 
a good mechanical protection for the variable condensers and 
other radio-frequency apparatus. 

It has been found that this type of protection is advisable in 
a receiver that operates more than one tuning condenser with a 
common control, as the shields prevent accidental bending of 
condenser plates or changing of other elements that enter into 
the accuracy of the tuning circuits. 

In conclusion, it will be noted that this manufactured design 
of totally shielded Neutrodyne receiver follows closely the prin- 
ciples outlined by Professor Hazeltine and his associates, and 
incorporates several mechanical features designed to insure 
reliability of operation when simplified controls are employed. 
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NEW METHOD PERTAINING TO THE REDUCTION OF 
INTERFERENCE IN THE RECEPTION OF WIRELESS 
TELEGRAPHY AND ТЕГЕРНОМУ* 


Ву 
Н. DE BELLESCIZE 


(NEUILLY, FRANCE) 


I— PRINCIPLES UNDER CONSIDERATION 

The opinion of the great majority of the authorities relative 
to the possibility of reducing atmoshperic interference in radio 
telegraphy and telephony, it seems to us, is summed up to-day, 
as follows: 

Good results can be obtained by employing the differences of 
direction existing between parasitic currents (static or strays), 
and signals. To a less degree, phase differences can also be used 
to secure selectivity at the input of the receiving set. However, 
in so far as the oscillations created within the receiving set are 
concerned, no method can equal the judicious use of resonance; 
in certain cases, however, the devices do not take into account 
the independence of the oscillations and are, therefore, necessarily 
doomed to failure. 

Even though this last conclusion is, in our judgment, very 
pessimistic, the impossibility of causing strong discharges super- 
imposed on a continuous oscillation to disappear without at the 
same time suppressing this oscillation for a more or less prolonged 
period, seems to us to be axiomatic. 

But the accuracy or exactness of this axiom can well be nulli- 
fied by the method and devices hereafter described. Our point 
of departure* has been the hypothesis that a moving part re- 
tarded by constant friction cannot obey sinusoidal impulses of 
slight amplitude, even though the sinusoidal forces co-exist 
with other forces of no matter what form or shape and even if 
they are sufficiently intense to overcome the effect of friction. 

By constant friction is meant that case in which the ampli- 

Received by the Editor, October, 28, 1925. 

PS aa device for the elimination of atmospheric disturbances by 

French Patent No. 587,625— December 28, 1923. Ist addition: July 22, 
1924—Not granted as yet. 2nd addition: April 8,1925— Not granted as yet. 
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‚ "he velocity of the moving part. Funda. 

с.э motion, this friction maintains a constant 

.i has a tendency to stop the moving part: 
зе all the values included between plus F and 
ives to which the moving part is subjected are 
_sptacements which result from curves which take 

. «xl eveles, the ascending and descending branches 

ләр coincide (Figure 1). The width of the cycle is 
. .uuiliar example, we can cite the angular motion of a 

4, the axis of which swings on its pivot. Neglecting the 
„~ unee, the equation of the motion is: 
G-K0"-FED0 +f (1) 

c oiesents the starting couple applied to the pendulum; К 0" 

« couple due to inertia; Од the couple due to gravity or to the 
sing: f the opposing couple due to the friction of the pivot. 
luring motion, f maintains the value of F and its sign is that of 
velocity O; at rest, it can assume all values included between 
uinus "апа plus F, in such a manner as to maintain the equili- 
brium between the forces present during an interval of time which 
шау or may not be infinitely small, the graph of the motion will, 
therefore, eventually have flat places such as aa, bb (Figure 2), 
even though the applied couple, G, varies continuously. 

At the outset, it is evident that if during the course of one 
of these flat places, a small supplementary couple А С, less than 
F, is momentarily superposed on the main couple, the equili- 
brium will not necessarily be disturbed; AG will have no effect 
on this case. 


FIGURE 1 FIGURE 2 


This idea can be extended. Let us suppose that for any 
reason whatsoever, which has disappeared, the moving part has 
passed from the position P, to the position Р, and the equation 
of motion 

G- KU," D Ath (2) 
which refers to the index curve (1), has changed to the equation 
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G=K 0,"-- D 0--f, (3) 
which refers to the index curve (2). 


The differential movement representing the free oscillation 
due to the cause which has disappeared is: 
9=К (82—0:)” +D (89 — 81) + (fa — №) (4) 
As long as the velocities 1’ and@,’ are not zero, the friction fe 
and fı remain constant in absolute value,and equation 4 repre- 
sents the ordinary sinusoidal oscillation; the peaks of the curves 
do not lead to any change, even when the maxima or minima of 
eurve (1) do not coincide in time with those of curve (2); this is 
deduced from the appearance in equation (4) of couples having 
а definite amplitude (2 F) and a short duration; therefore, their 
impulsive effect is negligible. This reasoning leads even further 
in the case of flat places. One of the two frictions remains con- 
stant, whereas the other varies progressively; the impulse now 
acquires a finite value susceptible of altering the free movement. 


The expression for the impulses f Б (fa—fi) d t, shows that 


their influence will be proportionately greater as (f;—fi) тах.— 
otherwise called F—is itself important in comparison with the 
elastic couple D (8,—8,), due to the free movement; and as the 
duration of the flat places becomes more considerable. 

But, in order that there may be such а flat place, it is neces- 
sary, 0" being now zero, that the expression 

| G-D0-rf 
be satisfied. That is to say, that the applied couple G balances 
the elastic couple D @ within a term included between —F and 
+F. 

Such states of equilibrium will occur more frequently and will 
be more prolonged when the couple G is less periodic and less 
regular (for aside, from resonance, G and D @ remain of the same 
order of magnitude) and when F becomes greater in proportion 
to the mean value of the couple G and D 9. On the other hand, 
the instants when the presence of flat places interferes with the 
regularity of the free oscillation (4), depend upon the form of the 
couple applied at G. If this form is made non-periodic, there is a 
similar change on the variation in the free movement, which 
loses its sinusoidal character and its tendency to develop the 
resonànce phenomena. 

Since in such a system a free movement has a good probabil- 
ity of being rapidly destroyed, we are right in concluding that 
this system will not be susceptible to resonance under the action 
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un 

of weak sinusoidal couples à G — А С, sin wt sperposed upon 
the principle couple С. In fact. resonance sigrióes a movement 
produced by a present cause superposed on a movement freely 
damped due to previous causes. 

Let us summarize the conc:usions thus far: 

In order that friction mav stop the transmission of sinusoidal 
impulses (forces, couples. electromotive forces . superposed on 
other impulses of much greater amplitude which it is desired to 
allow to pass, it is necessary that: 1 the friction should be greater 
than the sinusoidal impulses and not too smali in proportion to 
the others. (2) that these later impulses be as little periodic and 
as irregular as possible. which ts precisely the case of atmospheric 
disturbances. To the properties. or rather the atsernce of those 
properties utilized heretofore for separating or po ng out these 
interferences (absence of direction and regular phase , we add 
the absence of regularity and definite form. The new method, 
therefore, goes further into the mechanism of phenomena. Inde- 
pendently of the mechanical devices. it is peesitle to obtain 
hysteresis cycles by applying the properties of magnetic metals. 
The difference between the cvcles in Figures 1 azd 3 has been 
attributed** to the fact that as the molecule of the metal is sub- 
ject to unequal frictions. its orientations require field vanations 
of unequal values. Instead of being equal to unity. which would 
be the case with the horizontal flat places M.N, of Figure 1. the 
mean permeability А, of the cycles of small extert is less than 
those cvcles of greater extent. 


Fictre 3 


This progression in the friction is perhaps a very happy cir- 
cumstance since it tends to add the width. — F —F of the субе 
to its own length. which fact facilitates the formation of numerous 
Bat piaces .ог more accurately stated, regions corresponding to 
less permeabuity . in the curve of Figure 2. 


ee Tle energy loses in «есітсе. M. J. Granier. Bulletin of the Society 
of French Eieir.ians Алсам 1823, №. D, nage PS. 
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Let us substitute for the idea of friction those which occur 
relative to the changes or variations of period and permeability, 
on the strength of what has been stated above. We have thought 
that а resonance circuit L C (Figure 4 and following), in which 
the magnetic core acquires permeabilities, А, greater than the 
initial permeability, ^,, under the influence of intense irregular 
fields, is no longer likely to resonate under the action of weak 
sinusoidal electromotive forces. 


Ci 


FIGURE 4 


This principle defines the type of circuit intended to overcome 
the interference, and it indicates at the same time the main 
defect: 

The signals being practically destroyed under the influence 
of the disturbances which is superposed upon them, recourse is 
made to a differential system. "The resonant circuit, L C, having 
a magnetic core, will allow only the interference to pass; the other 
circuit Г.С. will transmit interference and signals. Superposition 
of these two outputs in opposite phases will leave the signals only 
remaining. The resonant circuit В is intended to eliminate the 
effect of inevitable differences of wave shape caused by parasitic 
currents from the differential resonant circuits. 

The defect of the circuit is evident; as the permeability is a 
function of the field, each differential stage will stop only those 
disturbances whose amplitude is well defined or at least included 
between the rather restricted limits. This difficulty can be re- 
duced, but it cannot be entirely overcome by the means under 
consideration. For example, one cannot hope to make the 
parasitic currents ineffective by the detuning eventually due to 
the variation of the permeability they provoke. 


П--Тне CONSTRUCTION OF A CIRCUIT 
The first problem is so to construct a transformer that the 
ampere-turns which can be obtained from a receiving tube will 
appreciably modify the permeability of the magnetic circuit. 
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The frequency, nature of the metal, and manner of the construc- 
tion. must be considered in this connection. 

The frequency preferably should be fixed, which will permit 
adjustments (the super-heterodyne circuit is an example of this 
condition). Also, the frequency should be selected as low as 
possible in order to increase, at equal intensities, the number of 
windings of the coil L. The lower limit of the frequency depends, 
on the one hand, on the maxima time constant imposed on the 
resonant circuit R by the kind of service (telephony or telegraphy) 
and on the other hand, on the fact that the logarithmic decrement 
of this resonant circuit should be much less than that of the cir- 
cuits LC, LiCi, from which come parasitic currents probably 
quite dissimilar in forms. 

The metal should be so chosen that #, the permeability which 
can be attained with the vacuum tube, will be as large as possible 
in comparison with the initial permeability Ад. 

Let n=the number of turns on the coil L. 
K =its reactance in onms, adapted to the plate resistance 
of the tube. 
sl=the cross-section and the length of the magnetic cir- 
cuit, in centimeters. 
L, = {Бе self-inductance for the permeability М, іп henrys. 
«€ —the pulsation. 
i = the maximum current furnished by the plate circuit, 
in amperes. 
Then, as a first approximation, we can write: 


jon FN Mos. |9 
а) ( 
4-n1 | 
Н. = 5. 2 
"e gg. (5) 
from which 
о < 
H mas = 107° i4 40 z —— 
N How. $ [ 


The suitability of the metal being determined by using the 
permeability eurve in connection with the formula (5), the best 
procedure is to make various experiments and tests to determine 
the influence of the other factors; for instance, the form and 
period of the hysteresis cycle. 

Formula (5) shows the necessity of reducing the cross- 
section and the length of the magnetic circuit. Although this 
reduction is limited by the necessity of maintaining the useful 
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flux which passes through the metal very great in proportion to 
that which follows other paths, it is possible to obtain dimensions 
much smaller than those of the ordinary transformers. Figure 5 
represents in full size the profile of iron lamination used; almost 
all of the reluctance is in the branch s; which supports the coil, and 
whose cross-section is of the order of a square millimeter. Such 
a coil affords a very large number of windings. 


ð: (, Ja 
lz (2 
FIGURE 5 


Once they have been decided upon, the transformers can be 
used in many different ways. The simplest, if not from the point 
of view of handling, at least from the point of view of the number 
of parts and of the necessary tubes, is that shown in Figure 6. 
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FIGURE 6 


In the first place, experience shows the desirability of making 
the two opposing circuits as nearly identical as possible. With 
this in mind, we can equalize their own dampings and regulate 
the two by the same frequency as the rest of the circuit. It is 
understood that the value selected for the condenser C corre- 
sponds to the permeability transmitted to the iron of the coil LL’ 
by the disturbances to be eliminated in that stage. 
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Finally, it is theoretically possible to make the transformers 
L L' such that their cores will maintain & sensible and constant 
reluctance between two quite extended limits. Asa result, there 
will be an increase of the unduluations of the waves represented 
by the curves A245 (Figure 7), and consequently an increase in 
the ratio О P,/O P. 
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The magnetic circuit represented in Figure 5 has in series. 
two branches cross-section and length sil; and з very unequal 
Calling R the total reluctance, ши the permeabilities of the 
branches, #=f(B) the equation of the curve represented in 
Figure 8, the flux, 6, can be written: 


Алт? li 15 Ф Ф 
R Mı $1 = P^ 2 82 „ =] S м =] $2 


Taking the flux as the independent variable, we deduce ipa Ё = 7. 
The relation between 2 and Е will be valid up to the maximum 
current value furnished by the tube. 

By revising the data szl, it is possible to conclude by successive 
approximations that (the branch s: working in the ascending 
portion of the characteristic, whereas the other has gone beyond 
the elbow F), the increase of reluctance of one compensates within 
certain limits the decrease of reluctance of the other. 

А complete circuit is schematically shown in Figure 9. 

A B represents the tuned input to the circuit. 

Qı is a first detector, Di is the heterodyne transforming the 
high frequency to another, chosen once for all to achieve the 
desired result. Ғ.Е; are resonant circuits much more damped 
than the resonant circuit № placed after the differential stages. 
The latter, according to the description in Figure 6, are separated 
by an amplifier J to facilitate the operation of the second differ- 
ential stage intended to operate on disturbances of less intenisty. 
The heterodyne D; serves for telegraphic reception if the inter- 
mediate frequency is chosen in the inaudible range. The rest 
of the circuit offers nothing unusual. 
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The adjustment of the intermediate frequency is made once 
for all, the only adjustment which the operator has to make is 
that of the rheostat H which assures the necessary sensitiveness 
in the working of the iron. 


FIGURE 9 


III—AnDJUSTMENTS AND TESTS 


The preliminary study of the transformers LL’ consists 
chiefly in making certain that a strong emission causes an appre- 
ciable change in the permeability of the iron. One should use, 
for example, for this purpose the circuit shown in Figure 10, in 
in which the phase variation and the amplitude changes corre- 
sponding to the different intensities read by the aid of a thermo- 
couple S, are measured by an artificial line M half а wave-length 
long terminated without reflection in a resistance J. The current 
is supplied by a heterodyne H of which the frequency is that 
chosen for reception. For each value of the intensity, the sliding 
contacts P and Q, the first of which measures the phase variations, 
and the second the amplitudes, are adjusted so as to obtain the 
complete extinction of the signal. The currents that are too weak 
are detected by a shunted telephone receiver, taking as a basis 
of comparison the lowest reading of the thermocouple S. For 
wave-lengths of the order of 7,000 meters, we have obtained 
marked phase variations with many samples of steel, and when 
the plate current did not exceed one milliampere. 

Before proceeding to the damped disturbances, it is convenient 
to study the adjustment of the differential stages with the aid of 
of continuous local signal of variable intensity and of a wave- 
length equal to that for which the receiving set is designed. We 
proceed one stage at a time, the others comprising but one trans- 
former by operating the switch W (Figure 9). With regard to the 
differential stage under investigation, we must first tune the re- 
sonant circuit L C for a faint signal; then we find the point of 
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extinction of this signal by the operation of condenser C; and the 
secondary Ly’. If the circuit is correct, the adjustment thus 
found for Сі should very nearly make the circuit L,C; resonate, 
which is not to be touched upon in the following. Next, increas- 
ing the intensity of the signal, we can determine the values of 
C/ Lj, for which the extinctions are the best. The relation ex- 
isting between these two parameters will be much more difficult 
to find by means of irregular disturbances. 


8, 


It is next easy to adjust simultaneously the two stages in 
such a manner as to extinguish two different intensities of emis- 
sions and to reproduce the curve Аз of Figure 8. The stage on 
the left will first be adjusted so as to eliminate а very intense 
signal; and next the stage on the right to reduce the first undula- 
tion of curve Аз which will appear clearly in continuously reduc- 
ing the coupling with the local oscillator. 

The adjustment obtained in this manner is capable of elimin- 
ating the damped disturbances produced, for example, by а 
musical tune acting on the antenna. With two protective stages, 
the reading of a signal remains clear under the action of artificial 
parasitic currents which, in the absence of this device, would 
necessitate the use of a power 80 times as great. One is espe- 
cially struck by the impression of the continuity of the signal; 
this continuity is maintained when one modifies the frequency 
of the buzzer between the very extended limits, for example, 
from 50 to 1,000 impulses per second; or when one progressively 
Increases its action upon the antenna up to the value ОР; (Figure 
8), for which the apparatus is adjusted. The presence of the 
disturbances does not modify in an appreciable manner the 
intensity of the signal. 

Therefore one is led to believe that, no matter what the 
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continuity of the atmospherie disturbances, signals will pass 
through them all right just as if the power of the sending station 
had been effectively increased; the few tests that have been 
performed up to this date are encouraging, and the storms of 
the coming summer will suffice to determine this point. 

These various results have been obtained for telegraphic 
signals, received with two heterodynes. In telephony, the ad- 
Justments are very much more delicate and the tests heretofore 
have been less successful. The obstacles encountered are due, 
it seems, to two principal causes. To improve the tuning, there 
js a tendency to exaggerate the constant time of the last tuned 
circuit, which can resonate unequally (and consequently cannot 
function correctly) even though the words and the music seem 
properly rendered. On the other hand, the quality of the signal 
requires a very weak modulation of the carrier wave, in accord- 
ance with the well-known expression: 


S(1--asin Qt). sinwt 


we have to operate on a signal of reduced power (S. a sin 04. sin ot) 
which must be picked out from atmospheric disturbances 
despite the permanent disturbance of another oscillation (S sinet) 
which is much more intense. 

Therefore, we shall see this problem adds further and new 
difficulties. Let us add that in the present case there is, without 
doubt, an excellent solution. 

The influence of the disturbanees originating from signals 
superposed on that to be received constitutes the weak point of 
the present deviee, and this fact has been examined with care. 
The working process consists In superposing on a signal of con- 
stant intensity and wave-lengths a disturbance (fog) of variable 
intensity and wave-length, the two signals being furnished by 
two sending stations. The intensities are measured by means 
of the shunted telephone receiver, before and after the differential 
stages, [t includes the rheostat H (Figure 9), which assures the 
proper sensitiveness; these stages are adjusted, as it has been 
stated above, in order to assure the best elimination of the para- 
sitie currents. The measurement of the wave-lengths in the 
intermediate frequency part of the receiving circuit is accom- 
plished by the extinction of the musical note due to the in- 
terference of the cahbrating heterodyne 1%. Note (1) the 
wave-lengths 25 ^; of the interference and of the signal; (2) the 
relation Jz Js of their intensities in the circuit preceding the 
differential ciremts; (3) the weakening 1171, of the signal dis- 
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turbance; J, being the intensity with the disturbance, and 7s 
that without disturbance. 

There results a family of curves. The most interesting results 
are those of which Figure 11 gives an example; the wave-lengths 
of the disturbance are plotted as abscissa, the curve (X) gives 
the relative intensities Гв/1. for which the disturbance begins 
to weaken the signal; the curve (B) the realtive intensities for 
which the weakening of the signal is а maximum, the values of 
these reductions being written in parenthesis. For more ener- 
getic disturbances, the intensity of the signal increases rapidly, 
and it may even exceed that observed in the absence of the 
disturbance. 

This example relates to a differential circuit adjusted once 
and for all in such а manner as to eliminate sustained oscillations 
of the same frequency as the signal and of intensities from 10 
to 80 times greater, which conditions correspond very well to the 
attenuation of the parastitic currents, having given the respective 
constant time of the resonant circuits placed before and after 
the differential stages This example is not absolute; the data 
are likely to vary with the adjustment of the apparatus. Never- 
theless, one can deduce some observations. 

The selective power of the circuits following the differential 
stages Is limited to & certain maximum, about 10 in the example 
stated above; this however is not important in respect to the 
eliminations of the waves close to the signal in frequency, nor 
for the waves very different in frequency against which one can 
be protected by the aid of tuned circuits at the input, but there 
do exist on either side of 4, two narrow frequency bands inside of 
which the selectivity of the receiving set is practically dimin- 
ished. We note this fact without having met any case where 
it has had any detrimental effect. 

Аз a counter-measure, the circuit permits the elimination of 
certain disturbances against which we would otherwise be 
absolutely unable to cope. When, for example, a stage is very 
closely adjusted so as to extinguish completely а powerful dis- 
turbance which has nearly the same wave-length as the signal, 
the latter can still be received in the form of beats, marking, 
without doubt, its phase variations in respect to the disturbances; 
when there is coincidence or opposition, the signal being con- 
fused with the disturbance is stopped at the same time as the 
disturbance by the differential stage; in quadrature, on the con- 
trary, it passes freely. The mean reduction of signal intensity 
is now about equal to 2. One therefore foresees the value of a 
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stage in which the parts can be adjusted by the operator, and 
especially intended for the elimination of the disturbances. 
The weakening of a signal by a disturbance would have no 
great importance if in no case the value 2 were exceeded; this is 
what one would hope for. Figure 11 shows that unfortunately 
this is not the case. It can be seen, although not as yet explained, 
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that the maxima in weakening seem to increase as one departs 
from А. Besides, the curves Г and И are not symmetrical in 
respect to this wave-length: which is caused without doubt by 
the fact that the circuits LC and L, C, not being identical at 
every point, a good opposition demands that one of them should 


be slightly out of tune. 


SUMMARY: The usefulness of directional reception and of rescnant circuit 
selectivity in reducing the effect of atmospheric disturbances of reception is 
first considered. 

Assuming that sinusoidal forces coexist in a system with much larger 
impulses, it is shown that the sinusoidal forces will not pass through systems 
having internal frictional losses under certain definite conditions. The 
analogy between mechanical frictional systems and magnetic hysteretic sys- 
tems is utilized in devising differential circuit arrangements whereby strong 
impulses, passing through two opposing circuits of controllable hysteric damp- 
ing, are ultimately balanced out, whereas smaller sinusoidal currents are de- 
livered at the output of the system. The application to radio reception is 


described in detail. 
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1,568,065—ROSS GUNN, filed June 9, 1923, issued January 5, 1926, resident 
of Dayton, Ohio. 
CONSTANT FREQUENCY SOURCE, wherein a plurality of electron 
tubes are arranged in a common control circuit with impedances so dis- 
posed therein that the frequency of the generated oscillations is not 
dependent upon the plate voltage or filament currents in the system. 


1,568,172--Е. S. MCCULLOUGH, filed May 6, 1925, issued January 5, 1926, . 
resident of Wilkinsburg, Pennsylvania. 
THERMIONIC TUBE, in which an auxiliary heater is provided within 
the tube for raising the cathode element to an electron emitting tem- 
perature. 

1,568,274—D. GRIMES, filed May 18, 1922, issued January 5, 1926, assigned 
to Grimes Radio Engineering Company, Incorporated. 
CONDENSER where a set of stationary and movable plates is varied 
in position longitudinally with respect to each other for varying the 
effective capacity of the condenser. 

1,568,632—L. Q. SLOCUMB, of Ferguson, Missouri, filed January 2, 1924, 
issued January 5, 1926. 
RADIO RECEIVING APPARATUS having a single control for vari- 
ation of both capacity and inductance in the tuning circuit of the receiver. 

1,568,701--). C. WARNER, filed March 5, 1925, issued January 5, 1926, 
assigned to General Electric Company of New York. 
ELECTRON DISCHARGE DEVICE, in which a tube having two 
grids interposed between the anode and cathode is provided with a 
coupling between the grid circuits for facilitating the production of 
oscillations. 

1,568,827—W. Н. GERNS, filed June 21, 1924, issued January 5, 1926, 
assigned to Brandes Laboratories, Incorporated, of Newark, New Jersey. 
APPARATUS FOR TESTING TELEPHONE RECEIVERS, for the 
production of telephone receivers or loud speaker units and the inspection 
of such devices for the rejection of defective units without loss of time 
on the part of the operator. 

1,568,918—E. PFIFFNER, of Frybourg, Switzerland, filed March 19, 1923, 
issued January 5, 1926. 
ELECTRIC CONDENSER, constructed of dielectric material having 
metal coatings thereon which are spacially related for building up a 
condenser structure. 

1,568,939—E. E. CLEMENT, filed August 14, 1922, issued January 5, 1926, 
assigned to Edward F. Colladay, Washington, D. C. 
SYSTEM FOR RADIO BROADCAST DISTRIBUTION, wherein a 
central station is provided for controlling the operation of a plurality of 
receivers in a community adjacent a broadcasting station. 

1,568,979—V. O. KNUDSEN, filed September 3, 1921, issued January 12, 
1926, assigned to Western Electric Company, Incorporated. New York. 
OSCILLATION GENERATOR, where the input and output circuits 
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are controlled through a common switching system for simultaneously 
varying the constants of the circuits. 


1,569,095—C. A. LAISE, filed November 21, 1923, issued January 12, 1926, 
assigned to Electron Relay Company, of Ohio. 
BODY OF HIGH ELECTRON AND LIGHT EMISSION AND 
PROCESS OF MAKING THE SAME, for use as electron emitting 
elements for electron tubes where tungsten, thorium and vanadium 
having the crystals thereof interspersed with grains of difficultily reduc- 
able refractory oxides, is provided. 

1,569,211—E. W. SPENCER, of Hemple, Missouri, filed May 16, 1924, 
issued January 12, 1926. 
VARIABLE CONDENSER, where the movable plates are adjusted 
longitudinally with respect to the stationary plates. 

1,569,325—А. LEIB, filed August 8, 1922, issued January 12, 1926, assigned 
to Gesselschaft fur Drahtlose Telegraphie m.b.h. of Berlin, Germany. 
RADIO DIRECTION FINDER for shipboard installation where the 
frame of the direction finder coil is supported in a rockable bearing with 
a counter-weight for maintaining the direction finder coil substantially 
in one plane at all times. 

1,569,353—Q. A. ВКАСКЕТТ, filed August 5, 1919, issued January 12, 1926. 
Assigned to Westinghouse Electric & Manufacturing Company. 
RADIO RECEIVING SYSTEM, employing a construction of electron 
discharge tube in which the incoming signal receiving circuit is arranged 
to directly influence the electron discharge within the tube. 

1,569,354—L. T. CARL, et al of Winona, Mississippi, filed January 21, 1924, 
issued January 12, 1926. 
RADIO RECEIVING SET having parts arranged in such close rela- 
tionship that bus wires are eliminated. 

1,569,384—R. E. MARBURY, filed August 3, 1921, issued January 12, 1926, 
assigned to Westinghouse Electric & Manufacturing Company of Penn- 
sylvania. 
CONDENSER of stacked construction where the plates are secured 
under pressure by means of bowed spring clamps. 

1,569,395—R. E. MARBURY, filed August 18, 1921, issued January 12, 
1926, assigned to Westinghouse Electric & Manufacturing Company, of 
Pennsylvania. 
CONDENSER CASING for enclosing a stacked condenser unit where 
telescopic parts are provided and welded together over the condenser 
stack. 

1,569,446—T. E. ARUNDEL, filed March 12, 1925, issued January 12, 1926, 
assigned to G. D. Shipherd and W. H. Metcalf, of Omaha, Nebraska, 
3715 percent and 25 percent respectively. 
RADIO RECEPTION APPARATUS, including a crystal detector 
having a plurality of points engaged with the crystal surface forming the 
rectifier element in the receiving set. 

1,569,630--Т. R. GRIFFITH, filed December 12, 1923, issued January 12, 
1926, assigned Western Electric Company, Incorporated, of New York. 
ELECTRON DISCHARGE DEVICE of high power construction 
where the electrodes are carried on metallic rods spaced apart by an 
insulating block. 

1,569,766—D. H. MOSS, filed February 27, 1925, issued January 12, 1926, 
assigned to Brandes Laboratories, Incorporated, of Newark, New Jersey. 
TERMINAL FOR TELEPHONE RECEIVERS, where a locked stud 
is provided in the casing of the telephone receiver or loud speaker unit 
for establishing connection between the bobbins within the unit and the 
exterior of the unit. 

1.569.835—E. W. KELLOGG, filed January 30, 1925, issued January 12, 
1926, assigned to General Electric Company of New York. 
RADIO TRANSMISSION SYSTEM, arranged with a distributed load 
whereby current may be supplied from a transmission line at a plurality 
of points along its length without producing any refractions. 
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1,570,261—А. J. KLONECK, of New York, М. Y., filed May 12, 1921, issued 
January 19, 1926. 
SIMULTANEOUS SENDING AND RECEIVING SYSTEM, wherein 
switching means are provided for transferring the circuits of the appa- 
ratus to various types of antennae systems. 


1,570,265—K. A. LEBBINK, filed July 5, 1923, issued January 19, 1926, 
assigned to Naamlooze Vennootschap Philips’ Gloeilampenfabriken, of 
Eindhoven, Netherlands. 

ELECTRODE FOR DISCHARGE TUBES, where successive turns of 
coiled electrode are supported in a slotted bar member, the slots of 
which are substantially closed for anchoring the turns therein. 


1,570,444—A. MAVROGENIS, of Milwaukee, Wisconsin, filed December 26: 
1923, issued January 19, 1926. 
RADIO APPARATUS, in which an electron tube having a multiplicity 
of electrodes is connected in a circuit for simultaneous rectification of 
incoming signaling energy. The tube operates from the alternating 
current lighting source. 


1,570,499--). Е. KEANE, of Bridgeport, Connecticut, filed February 28, 
1924, issued January 19, 1926. 
RADIO BATTERY CHARGING SWITCH MEANS for А and B 
batteries wherein a convenient circuit is provided for switching the 
battery units from a position of charge to a position for power con- 
sumption. 


1,570,755—0O. H. LOVNES, filed August 22, 1923, issued January 26, 1926, 
assigned to American Telephone & Telegraph Company of New York. 
RADIO RINGING SYSTEM, wherein circuits are provided for inter- 
rupting a radio frequency at a ringing frequency for operating a vibrating 
polar relay at a radio receiver for actuating a call device. 

1,570,959—]. О. GARGAN, filed January 16, 1924, issued January 26, 1926, 
assigned to Western Electric Company, Incorporated, of New York. 
TUBE MOUNTING for high power operation where the tube is sur- 
rounded by a water jacket and cooling circulating water supplied there- 
around. 

Design 69,280—DAVID H. MOSS, filed August 21, 1925, issued January 19, 
1926. Assigned to Brandes Laboratories, Incorporated, of Newark, New 
Jersey. 

CASING FOR A PHONOGRAPH LOUD SPEAKER UNIT, which may 
be mounted directly upon the table of a phonograph adjacent the record 
support and attached to the tone arm for utilizing the phonograph as a 
radio reproducer. 


1,571,011—B. W. KENDALL, filed December 3, 1920, issued January 26, 
1926. Assigned to Western Elecrric Company, Incorporated, of New 
York. 

SECRET SIGNALING, where a carrier wave mouulated in accordance 
with speech is radiated and an inverted speech frequency band superim- 
posed thereupon and properly distributed at the receiver. 


1,571,020—W. D. McGOWAN, of Jersey City, New Jersey, filed September 
16, 1922, issued January 26, 1926. 
CRYSTAL DETECTOR FOR RADIO TELEPHONY AND TELEG.- 
RAPHY, in which a rectifier element is supported between bristles which 
extend inwardly from opposite ends of a tube. 


1,571,050—W. H. GERNS, filed April 29, 1925, issued January 26, 1926. 
Assigned to Brandes Laboratories, Incorporated, Newark, New Jersey. 
ELECTROMAGNETIC DRIVING APPARATUS for operation of cone 
speakers or loud speakers, where a push-pull sound reproducer unit is pro- 
vided for actuating a common armature member for the production of 
sound. 

1,571,257—Н. M. FREEMAN, filed August 18, 1921, issued February 2, 1926. 
Assigned to Westinghouse Electric & Manufacturing Company of Penn- 
sylvania. 

GRID LEAK formed by inside and outside metallic film coatings which 
are deposited upon the walls of an electron tube. 
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1,571,278—L. KUHN, filed August 26, 1921, issued February 2, 1926. As. 
signed to Westinghouse Electric & Manufacturing Company of Penn. 
sylvania. 
CONNECTION FOR PRODUCING OSCILLATIONS WITH 
VACUUM TUBES, where the input and output circuits of a tube each 
contain adjusting devices which may be simultaneously changed for con- 
trolling the oscillations. 

1,571,370—G. H. CLARK, filed March 3, 1921, issued February 2, 1926. 
Assigned to Radio Corpcration of America of Delaware. 
VARIABLE CONDENSER, wherein the rotor plates of the condenser 
may be moved longitudinally with respect to the stator plates at the same 
time that rotative motion of the plates may be obtained. 


1,571,371—G. Н. CLARK. filed March 17, 1921, issued February 2, 1926. 
Assigned to Radio Corperation of America of Delaware. 
RADIO SIGNALING APPARATUS, where a continuous wave trans- 
mitter is provided with an absorbing circuit for diverting portions of the 
signaling energy during non-signaling periods with means for super-im- 
posing emf. of low frequency on the main emf. in the antenna circuit for 
the production of signals. 

1,571,373—N. E. DAVIS. filed December 3, 1921. issued February 2, 1926. 
Assigned to Radio Ccrpcration of America of Delaware. 
RADIO TRANSMITTING APPARATUS, in which telegraphic signals 
are radiated by virtue ofa key circuit which effectively shunts a portion 
of an inductance which is coupled to the antenna circuit while the radiated 
frequency remains constant. 

1,571,463—V. K. ZWORYKIN, filed July 19, 1921. issued February 2, 1926. 
Assigned to Westinghouse Electric & Manufacturing Ccmpany of Penn- 
sylvania. 
OSCILLATION GENERATOR SYSTEM, in which a plurality of elec- 
trodes are arranged in an evacuated envelope in a position where the 
electrodes extend along radial lines from the center of the tube. Excita 
tion of the tube may be obtained from single phase or pclyphase sources 
of energy for the generation of high frequency current. 


1,571.499—]. Н. THOMPSON, of Hollidays Cove, West Virginia, filed 
November 17, 1924. issued February 2, 1926. 

ELECTRON DISCHARGE DEVICE, wherein a pair of anodes and а 
pair of separate filament electrodes are arranged in the tube with separate 
terminals brought out from the tube base. 

1,571.501—VANDEVENTER. filed June 25. 1923, issued February 2, 1926. 
Assigned to Dubiiiet Condenser & Radio Corporauon of New York. N. Y. 
ELECTRICAL CONDENSER. consisting of annular outwardly con- 
ductive and insulated plates which are secured істе ет by а lead rivet 
passing through the center thereof. 

1,571,512-““. DUBILIER. fied January 31. 1924. issued February 2, 1926. 
Assigned to Ре: {ет Cencenser & Racio Ccrporanuon. cf New York, N. Y. 
ELECTRICAL CONDENSER of the stacked twpe where the terminals 
which provide connections for the opposite plates of the condenser also 
serve to exert pressure on the stack. 

1.571.900—F. L. LORD. filed March 12. 1925. issued February 2, 1926. As- 

signed one-half to Harry J. Lucse, 2: New York. М.Ү. 
TUNED RADIO FREQUENCY RECEIVING SYSTEM. where the 
intervalve tramsi:rmers have means for varying the capacity reactance 
therein and fir varying the sef-incuctance of each primary winding and 
tke mutual inluctance of each transiimmer. The атсый is arranged for 
eliminating :t:ecuonable feezbeck oscillations. 

1.51.97 7—T. С. McCLANAHAN, cf Seattle, Washington, filed March 29, 
1824. issued February 2. 1926. 

DETECTOR of the crystal туге where the entire гестіГет is housed 
within an insulates bady structure which may be reacily mounted within 
the racic receiver. 

1.571.9:9—W. С. HOUSEKEEPER. fled June 9. 1922, issved February 9, 
1225. Assigned tc Western Electne Company. Inccrporated, of New York. 
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ELECTRON DISCHARGE DEVICE, in which connections are pro- 
vided for passing a cooling fluid around the anode of a high power tube. 


1,572,204—]. H. HAMMOND, JR., of Gloucester, Massachusetts, filed 
August 20, 1917, issued February 9, 1926. 
MEANS FOR LIMITING THE EFFECT OF STATIC OR OTHER 
DISTURBANCES IN RADIO TELEGRAPHY, which consists of a 
magnetizing element placed in the grid circuit of an electron tube and 
arranged for preventing excessive currents due to static from detrimen- 
tally effecting the receiving circuit. 

1,572,2244—E. B. NOWOSIELSKI, filed April 12, 1922, issued February 9, 
1926. Assigned to Splitdorf Electrical Company, of Newark, New Jersey. 
CONDENSER, which is substantially enclosed by insulating material 
which wholly clamps around the condenser stack. 


1,572,504--Н. PERLESZ, filed October 22, 1924, issued February 9, 1926. 
Assigned to Zenith Radio Corporation of Illinois. 
ELECTROSTATIC CONDENSER of variable rotary plate construction, 
where the stator plates are mounted in a casting which also provides bear- 
ings for the shaft which carries the rotary plates. 


1,572,530—W. Е. HENDRY, filed December 28, 1918, issued February 9, 
1926. Assigned to Western Electric Company of New York. 
VACUUM TUBE, in which the terminals of the electron tube are sup- 
ported in a plate of insulating material which is gripped in a metallic shell 
which surrounds the base of a vacuum tube. 


1,572,604—C. HORTON, filed September 3, 1924, issued February 9, 1926. 
Assigned to Dubilier Condenser & Radio Corporation, New York. 
RADIO CONDENSER of the stacked type where the stack may be 
secured in various positions by means of bent strip members which engage 
the terminals of the condenser and form supports therefor. 


1,572,721—W. G. HOUSEKEEPER, filed December 11, 1920, issued Febru- 
ary 9, 1926. Assigned to Western Electric Company, Incorporated, New 
York. 
VACUUM TUBE, in which the elements are mounted from an insulated 
block by resilient members for taking up mechanical vibration to which 
the electrodes might otherwise be subjected. 


1,572,726—M. J. KELLY, filed August 31, 1922, issued February 9, 1926. 
Assigned to Western Electric Company, Incorporated, of New York. 
ELECTRON DISCHARGE DEVICE, where the cathode is prevented 
from vibrating by means of a pair of insulating members which grip the 
cathode intermediate its ends to prevent vibration thereof. 


1,572,773—ALFRED CROSSLEY, of Washington, D. C., filed November 24, 

1924, issued February 9, 1926. Assigned to Wired Radio, Incorporated, 
of New York, a corporation of Delaware. 
PIEZO ELECTRIC CRYSTAL APPARATUS, where a piezo electric 
crystal for controlling the frequency of a transmitting station is mounted 
in such manner that the mechanical vibrations thereof may be utilized to 
control the frequency of an electron tube oscillator. 


1,572,877 —M. C. BATSEL, filed October 4, 1922, issued February 16, 1926. 

Assigned to Westinghouse Electric & Manufacturing Company of Penn- 
sylvania. 
RADIO RECEIVING APPARATUS, in which the electron tube sup- 
port within the receiver is resiliently mounted from opposite ends and the 
movement of the electron tube socket support maintained within given 
lengths. | 

1,572,882--Е. W. BREISCH, filed November 9, 1918, issued February 16, 

1926. Assigned to Westinghouse Electric & Manufacturing Company 
of Pennsylvania. 
HOT CATHODE APPARATUS, where the cathode is maintained in an 
electron emitting condition by energy which is supplied at separated 
points of the cathode and the relative amount of current passing through 
the cathode accurately governed. 
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1.5724 4597 —R. E. MARBURY, filed December 14, 1920, issued February 16, 


1926, Assigned to Westinghouse Electric & Manufacturing Company, 
ot Pennsylvania. 

VARIABLE CONDENSER, in which corrugated spacer washers are in- 
terposed between adjacent condenser plates for supporting the plates in 
fixed relationship. 


1,271,910--А. L. WILSON, filed April 21, 1921, issued February 16, 1926. 


Assigned to Westinghouse Electric & Manufacturing Company of Penn- 
sylvania. 

THERMIONIC DEVICE, in which one electrode of the electron tube is 
embedded within the wall of the electron tube. 


1,573,171—F. R. KRONFOTH, of Amsterdam, New York, filed February 12, 


1925, issued February 16, 1926. 
RADIO ANTENNA, having means for compensating for the contraction 
and expansion of the antenna under conditions of variable temperature. 


1,573,303—E. H. COLPITTS, filed November 2, 1920, issued February 16, 


1926. Assigned to Western Electric Company, Incorporated, of New York. 
CARRIER WAVE TRANSMISSION, by which a plurality of messages 
are transmitted simultaneously and selectivity separated by tuned cir- 
cuits at a receiver. 


1,573.317—W. H. HOUSEKEEPER, filed June 2, 1922, issued February 16, 


1926. Assigned to Western Electric Company, Incorporated, of New 
York. 

MANUFACTURE OF VACUUM TUBES, where the tubes are sealed 
off while a space current is supplied to the tube circuits for releasing 
occluded gases from the electrodes of the tubes. 


1,573.367-H. DEF. ARNOLD and J.P. MINTON, filed November 12, 1917, 


issued February 16, 1926. Assigned to Western Electric Company, Incor- 
porated, of New York, N. Y. 

METHOD OF GENERATING AN ALTERNATING CURRENT OF 
VARIABLE FREQUENCY, in which an oscillator has its constants 
cylclally and continuously varied for producing a variable frequency. 


1,573,374—P. A. CHAMBERLAIN, filed July 2, 1924, issued February 16, 


1926. Assigned to Electrical Dealers Supply House, Incorporated, of 
Chicago, Illinois. 

RADIO CONDENSER, including a plurality of condenser units which 
are separated one from another by an intervening plate supported from 
the frame which carries the condenser units. 


1,573,789—M. OSNOS, filed July 11, 1923, issued February 16, 1926. Аз- 


Domed 


рл 


һа 


signed to Gesellschaft fur Drahtlose Telegraphie m.b.h. Hallesches, of Ger- 


many. 
TRANSMITTING ARRANGEMENT FOR RADIO SIGNALING, in- 
cluding a static frequency changer which is modulated in accordance with 
speech or telegraphic signals for radiating signaling energy. 


.373,801—R. BOWN, filed October 5, 1923, issued February 23, 1926. As- 


signed to American Telephone & Telegraph Company of New York, N. Y. 
TROUBLE ALARM SYSTEM FOR RADIO RECEIVING SETS, 
where local signal may be transmitted periodically to a receiving set for 
determining the operating condition of the receiver. 


.573,852—W. J. O'LEARY, of Montreal, Quebec, Canada, filed April 5, 1920, 


issued February 23, 1926. 

HIGH FREQUENCY OSCILLATING DEVICE, where a condenser in 
the form of a primary and secondary coil is provided. The condenser is 
built up of primary and secondary elements in sheet formation spirally 
wound. 


.573,948—D. M. TERRY, filed November 21, 1925, issued February 23, 


1926. Assigned to Western Electric Company, Incorporated, of New 
York, N. Y. 

MEANS FOR PRODUCING OSCILLATIONS of constant frequency 
with means for stabilizing the oscillator circuit for rendering the oscilla- 
tor insensitive to impedance changes. 
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1,573,983—R. C. MATHES, filed August 8, 1923, issued February 23, 1926. 
Assigned to Western Electric Company, Incorporated, of New, York, N.Y. 
SECRET SIGNALING, where a plurality of transmission paths are 
arranged with a distributor and a storage element for simultaneously im- 
pressing on the paths successively produced message current components 
which are unscrambled at the receiver. 


1,573,984—J. P. MAXFIELD, filed June 9, 1922, issued February 23, 1926. 
Assigned Western Electric Company, Incorporated, of New York, N.Y. 
RADIO BROADCASTING EQUIPMENT, where a distortionless air 
damped transmitter having a diaphragm whose natural period of vibra- 
tion is not substantially less than 400 periods per second. "The patent 
shows circuits for monitoring the audio frequency input power of a radio 
transinitter. 


1,574,209—P. M. SMITH, filed June 4, 1924, issued February 23, 1926. As- 
signed to United States Tool Company, Incorporated, Newark, New 
Jersey. 
STATOR FOR VARIABLE CONDENSERS, where the stator plates are 
supported on screw-threaded posts with tubular insulated members sup- 
porting the posts. 


1,574,268—В. R. WEBSTER, filed April 28, 1924, issued February 23, 1926. 
Assigned to Reliance Die & Stamping Company, of Chicago, Illinois. 
ELECTRICAL CONDENSER, in which an end thrust bearing is pro- 
vided for supporting the rotor plates of a condenser in desired spacial 
relationship with respect to the stator plates. 


1,574,424—H. A. HATCH, filed October 16, 1920, issued February 23, 1926. 
Assigned to Splitdorf Electrical Co., of Newark, New Jersey. 
CONDENSER, in which alternate layers of mica and conductive plates 
are secured under pressure in a stack by means of clamping terminals 
which exert pressure on the cover plate of the condenser stack. 


1,574,472—H. Е. Elliott, filed June 22, 1921, issued February 23, 1926. Аз- 
signed to Federal Telegraph Company, of California. 
RADIO FREQUENCY ARC, where means are provided for adjusting 
the arc electrodes so as to produce optimum value as regards the arc out- 
put. Mechanical means are provided responsive to vibrations beyond 
definite limits of the voltage drop across the electrodes for moving the 
electrodes relative to each other. 


1,574,473—H. Е. ELLIOTT and J. ARTHUR MILLER, filed January 9, 

1922, issued February 23, 1926. Assigned to Federal Telegraph Company, 
of California. 
RADIO FREQUENCY SYSTEM, in which the frequency of an arc 
transmission system is maintained constant by providing a plurality of 
parallel paths for the current in the antenna circuit with means for insur- 
ing that there be no cross currents in the parallel paths. 


1,574,715—C. E. WARNER, filed May 18, 1925, issued February 23. 1926. 
Assigned to Benjamin Electric Manufacturing Company, of Illincis. 
CONDENSER, where the rotor shaft which supports the rotor plates of 
a variable condenser is supported in a thrust bearing arranged in the frame 
from which the stator plates are supported. 


1,575,013—]. SLEPIAN, filed August 18, 1921, issued March 2, 1926. As · 

signed to Westinghouse Electric & Manufacturing Company of Penn. 
sylvania. 
RADIO INTERFERENCE PREVENTION means for application to 
flue-gas treaters or electromagnetic precipitating devices. А flue-ges 
treater is provided with a circuit for preventing high frequency radiation 
from the treater to prevent interference with local radio operations. 


1,575,044—W. DUBILIER, filed May 24, 1921. issued March 2. 1926. As 
signed to Dubilier Condenser & Radio Corporation, of New York, N. Y. 
ELECTRICAL CONDENSER, where the plates of a condenser stack 
are maintained under pressure by a clamping device which fits within the 
condenser casing. 
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1,575,045—W. DUBILIER, filed February 14, 1924, issued March 2, 1926. 
Assigned to Dubilier Condenser & Radio Corporation, of New York, N.Y. 
ELECTRICAL CONDENSER of the stacked type wherein a clamping 
device is provided for exerting pressure on the stack and for maintaining 
the stack in such position that electrical connections may be made with 
the terminals of the condenser independently of the clamp. 


1,575,067—L. В. LAMBERT, filed February 17, 1925, issued March 2, 1926, 
resident of Wichita, Kansas. 
FUNCTIONING PARTS OF MINERAL ТУРЕ DETECTORS, where 
the contact member for a crystal detector is provided with a weight for 
maintaining the contact member in position with respect to the crystal. 


1,575,340—C. W. HOUGH, filed February 25, 1924, issued March 2, 1926. 

Assigned to Wired Radio, Incorporated, of New York, N.Y., a corporation 
of Delaware. 
WIRED RADIO RECEIVING APPARATUS, designed for protection 
of the receiving circuits against breakdown arising from the destructive 
effects of the power lighting circuit which extends into the receiver and 
over which the wired radio programs are broadcast. This patent covers 
the type of wired radio receiver installed in the wired radio installation on 
Staten Island. 

1,560,505— ROBERT D. DUNCAN, JR., filed May 19, 1925, issued Novem- 
ber 3, 1925. Assigned to Wired Radio, Incorporated, of New York, N.Y., 
a corporation of Delaware. 

METHOD OF CARRIER FREQUENCY SUPPRESSION, wherein a 
polyphase source of high frequency current is employed for transmission 
of signals and radiation secured by unbalancing one of the phases. 
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INSTITUTE ACTIVITIES 


New Members and Transfers 


At the April Board meeting 185 Associates and 14 Juniors 
were elected. The following Associates were transferred to Mem- 
ber grade: Paul F. Johnson. Francis M. Ryan, Harry В. Coxhead, 
Raymond F. Yates, Reginald P. Lyman, Lewis A. Terven, John 
C. Strobel, Jr., E. C. Hansen, B. S. McCutchen, John C. Warner, 
Н. M. Lewis, Harry Sadenwater, J. Е. J. Maher. George E. Oliver, 
W. A. Peterson, W. A. MacDonald and R. L. Duncan. 

Those approved for direct election to Member grade аге: В. 5. 
Glasgow, R. R. Ramsey, C. H. Thompson, W. H. Frasse, E. R. 
Stoekle, G. C. Furness, C. Wright, Thomas Walmsley, В. T. St. 
James, В. Highleyman, P. A. Greene, G. J. В. Fisher, H. T. 
Tisshaw, H. T. Tisshaw, C. Е. Scholz, Е. W. Dane, F. T. С. 
Townsend, Harold Roess, P. J. Schwartzhaupt, H. P. Corwith, 
А. С. Lescarboura and J. Joseph. 

Eighteen applications for admission or transfer to Member 
grade were disapproved. 

Messrs. Frederick К. Vreeland and E. T. Fisk were transferred 
to Fellow grade. 


Sections 


In accordance with the provisions of the new Section Ву- 
Laws, remittances have been made to each Section covering the 
per-member rebate due for the first quarter of 1926. This finan- 
cial assistance to the Section already has given new impetus to 
Section activities. 


Headquarters Offices 


The new and enlarged offices now occupied by the INsTITUTE 
at 37 West 39th St., New York, are well organized во that the 
business of the INSTITUTE may be carried on on a larger scale and 
all matters attended to promptly. А considerable amount of new 
furniture and equipment has been added to the plant. 


Membership Committee 


The membership Committee held a meeting at headquarters 
on April 5. The following were present: H. F. Dart. chairman, 
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and Messrs. В. H. Marriott, M. Berger, W. С. H. Finch, А. В. 
Nilson, E. К. Shute, and President McNicol, ex officio. The com- 
mittee has worked out a construction program having in view 
gains in membership, including all those who are eligible and who 
desire to avail themselves of the advantages of membership in the 
INSTITUTE. 


Seattle Section 


The Seattle Section at its March meeting had a paper by Mr. 
T. M. Libby, on "Some Studies on Radio Broadcast. Transmis- 
sion," and a paper by Mr. John Greig, entitled “High Frequency 
Beam Transmission." Regular meetings of the Section are held 
in the rooms of The City Electric and Fixture Company, 218 
James St., Seattle. Members of the INsTiITUTE who visit Seattle 
are invited to get into touch with the chairman or the secretary, 
whose address may be found on a preceding page of this issue 
of the PROCEEDINGS. 

The April meeting of the Section had for consideration a paper 
by Albert Kalin, on the subject: “Construction and Design of 
Transformers." 

Chicago Section 


The Chicago Section held its April meeting in the rooms of the 
Western Society of Engineers, Chicago, on which occasion Prof. 
В. R. Ramsey, of Indiana University, presented a paper on ““Тһе 
Resistance of а Radio Condenser at Radio Frequency." 

Chicago has the largest of the Section units, and the work is 
being well handled by Chairman Montford Morrison, Secretary 
L. R. Schmidt and Treasurer W. W. Harper. 

The March meeting of the Section had for consideration a 
paper by C. M. Jansky, Jr., on the subject: “Collegiate Training 
for the Radio Engineering Field.” 


Changes of Address 


Members of the Іхвтітсте who change their mailing addresses 
are requested to advise the Secretary of such change. If this is 
done promptly delay will be avoided in receiving the issues of the 
PRocEEDINGS and other Institute publications. 


Vice-President Bown in England 


Dr. Ralph Bown, vice-president of the INSTITUTE, has been in 
England during the months of April and May, on official business, 
in connection with Trans-Atlantic radio telephone development. 
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Standardization Committee 


The Standardization Committee held a meeting at INSTITUTE 
headquarters on March 25, the following being present: L. E. 
Whittemore, chairman, and R. H. Marriott, C. B. Joliffe, L. A. 
Hazeltine, В. H. Manson, Н. M. Turner, and President MeNicol, 
ex-officio. 


Admissions Committee 


The Admissions Committee holds monthly meetings for the 
purpose of passing upon all applications received for direct 
election to Member grade, and for transfer to Member and Fel- 
low grade. The committee's recommendations in each case go 
to'the Board of Direction, which meets on the first Wednesday 
ofaeach month. 


Meetings and Papers Committee 


The Meetings and Papers Committee, under the direction of 
Mr. R. H. Marriott, chairman, holds regular monthly meetings, 
in addition to which a continuous correspondence is carried on by 
the chairman during the month. At the April meeting of the 
committee the following were present: R. H. Marriott, D. K. 
Martin, Carl Dreher, W. W. Brown, L. E. Whittemore, R. A. 
Heising, L. A. Hazeltine, Н. Е. Dart, and President McNicol, 
ex-officio. 


Photostats of Pages of Proceepincs 


Some of the early issues of the INSTITUTE PROCEEDINGS are 
out of print and are not available. However, photostat copies 
of pages desired can be supplied to members or others at a cost 
of twenty-five cents per page. The time required is one week in 
addition to time of mail travel. 


Members Elected 


At the May meeting of the Board of Direction the report of 
the Admissions Committee was approved, covering the transfer 
to Member grade of: J. K. Henney, J. M. Clayton, Sylvan Harris, 
H. Stewart Price, J. W. Milnor, C. F. N. Wade, J. G. Swart, 
J. C. Van Horn, Chester W. Rice, Alfred Crosley, Minton Cronk- 
hite; direct election to Member grade of: H. M. McClelland 
Н. J. Vannes, W. К. Wing, Meade Brunet, Frank А. Brick 


Charles Horton, G. C. Southworth, and transfer to Fellow grade 
of Mr. E. H. Colpitts. 
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Institute Medal Award for 1926 


The INsriTUTE Medal for 1926 has been awarded to Mr. 
Greenleaf W. Pickard for his contributions as to crystal detectors, 
coil antennas, wave propagation and atmospheric disturbances. 
The Medal will be presented to Mr. Pickard at the June meeting 
of the INSTITUTE in New York. 


Washington Section 


At the February meeting of the Washington, D. C. Section 

a talk was given by Major J. O. Mauborgne, of the Signal Corps, 

оп the subject: “Тһе Influence of the 1925 International Tele- 
graph Conference at Paris, on the Coming International Radio 
Conference at Washington." 

At the March meeting a talk was given by Eugene Sibley, of 
the Air Mail Service. Mr. Sibley described the problems in- 
volved in maintaining communication with the Postal airplanes, 
and in directing their course by radio. 'The various direction- 
finding methods tried, culminating in the adoption of the inter- 
locking system—which appears most promising, were described. 

At the April meeting Mr. Marcus C. Hopkins presented a 
paper on: “Тһе Translation of Electro-Mechanical Movements 
into Sound Vibrations.” 

The monthly meetings of the Washington Section are held on 
the second Wednesday at 8 P. M., in the Department of Com- 
merce Building, 19th and Pennsylvania Avenue, N. W. 


Additional Sections 


Correspondence is now under way looking to the establish- 
ment of INSTITUTE Sections at Cleveland, Ohio; Detroit, Michi- 
gan, and Winnipeg, Manitoba. 


Papers Available in Pamphlet Form 


The following papers are available in pamphlet form, copies 
may be obtained free by members by applying to the Secretary. 
Price to non-members, 50 cents per copy. 

“Radio Station KDKA.” By D. G. Little and R. L. Davis. 

“Dry Cell Radio Batteries." W. B. Schulte. 

“The Present Status of Radio Atmospheric Disturbances.” 
By Louis W. Austin. 

“The Shielded N ее Receiver." J. Е. Dreyer and 
R. H. Manson. | 
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“Тһе Polarization of Radio Waves." By Greenleaf W. 
Pickard. 

"Servicing Radio Broadcast Receivers." Ву Lee Manley and 
W. E. Garity. 

“New Method Pertaining to the Reduction of Interference in 
the Reception of Wireless Telegrüphy and Telephony." Н. 
De Belleseize. — 

"Recent Advances in Marine Radio Communication." Ву 
T. M. Stevens. 

“Main Considerations in Antenna Design." By N. Linden- 
blad and W. W. Brown. 

“Transmission and Reception of Photoradiograms." Ву 
R. H. Ranger. 

Portable Receiving Sets for Measuring Field Strengths at 
Broadcasting Frequencies.” Axel G. Jensen. 

"Maintaining a Constant Reading on an Ammeter in the 
Filament Battery Cireuit of a Thermionic Triode.” By E. Н. W. 
Panner. 

"Uses and Possibilities of Piezoelectric Oscillators.” By 
August Hund. 

"A Radio Field Strength Measuring System for Frequencies 
Up to Forty Megacyeles." Ву. Н.Т. Friis and Е. Bruce. 

"Precautions for the Radio Inventor." By Everett N. Curtis. 

“Collegiate Training for the Radio Engineering Field." Ву 
C. M. Jansky, Jr. 

“Sources of “A,” "D," and “С” Power." By W. E. Holland. 


Standardization Committee 


А meeting of the Standardization Committee was held on 
Mareh 25, at the offices of the о 

At the invitation of the С. S. National Committee of the 
International Electrotechnical Cor ommission it was agreed to give 
that Committee active assistance in its work looking toward the 
adoption of standard graphical symbols for radio. 

After some discussion of the field of work which the Standard- 
ization Committee of the Іхзтітсте should undertake during the 
present year, 1t was agreed that the full activity of the committee 
should be devoted to the formulation of methods of expressing 
and measuring, the characteristies of radio receiving apparatus 
and associated circuit elements and devices. 

It was agreed to organize five subcommittees to undertake 
this work. The subjects assigned to the subcommittees are as 
follows: 


INSTITUTE AFFAIRS 219 


1. Vacuum TuBEs—L. А. Hazeltine, Chairman. 
Methods of measuring characteristics. 

Life testing methods. 

2. Circuit ELEMENTS— Professor Н. M. Turner, Chairman. 
Methods of measuring: 

Resistance. 

Inductance. 

Capacity. 

Power fractor, phase angle or decrement. 
Frequency. 

Coefficient of coupling. 

3. RECEIVING SETs—Dr. J. Н. Dellinger, Chairman. 
(Including amplifiers and audio transformers). 
Methods of expressing and measuring: 

Selectivity (including effect of shielding). 
Amplification or sensitivity. 

Trueness of reproduction or fidelity. 
Distortion. 

4. Evectro-Acoustic DEevicEs— В. Н. Manson, Chairman. 

Methods of expressing and measuring: 
Frequency characteristics. 

Efficiency. 
Distortion. 
Impedance. 

PowER SvPPLY—R. H. Langley, Chairman. 

Life testing of batteries. 

Method of rating batteries. 

Voltage. 
Internal resistance. 
Socket-power units. 
Voltage-current characteristics. 
Output circuits of different impedances. 
Fluctuating input voltages. 


е 
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The committee considered several other questions which 
might fall within its scope, but felt that unless members of the 
committee who were not present felt otherwise, it would be wiser 
to concentrate the efforts of the present year on the program 
outlined above. 

It was agreed that the subcommittee chairmen would organ- 
ize their committees promptly and undertake to prepare a draft 
of a report within the next two or three months. This is desirable 
in order that the committee members may have drafts for con- 


available for discussion and parere 
associations of manufacturers. e М 

The committees will include in their г ports any 
tions or suggested symbols not included in t qe - j 
which they find desirable in the course of their w 
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ADDRESSES AT THE FIRST CONVENTION OF THE 
INSTITUTE OF RADIO ENGINEERS, NEW YORK, 


JANUARY 18 AND 19, 1926 


OPENING REMARKS OF Dr. J. Н. DELLINGER, RETIRING 
PRESIDENT 


The constitution of the Institute provides that there shall 
be held an annual meeting of the Institute. Іп the sense origin- 
ally intended by the constitution, such a meeting has never been 
held. It is true that the Institute has a meeting every month 
and that the first meeting of the year or any other occasion can 
be considered as the annual meeting. However, this vear the 
Board of Direction decided to have a specifically set occasion 
which should be considered as an annual meeting to take stock 
of the affairs of the Institute and mark its progress. That, in 
brief, is the origin of this, the first convention of radio engineers. 
1 am glad that the large attendance at this opening meeting en- 
sures that the convention will be successful in its purpose of 
permitting radio engineers to meet one another and to take 
stock of the part that radio engineering is playing in the human 
drama. 

This Institute has been peculiarly well timed to. plav this 
part. Beginning in 1912 at the very time when radio was 
beginning to exercise an important part in affairs, it has been 
privileged to grow along with the rise of radio and to play 
something of a directing part in that rise. This meeting marks 
an epoch in the growth of the Institute. The past vear has 
witnessed a number of changes in the character of the Insti- 
tute's activities and points toward rapid progress in the various 
phases of its activities. Г shall report on this more specifically 
a little later. 

This is the day of the radio engineer. [n the past. three 
or four vears there has been widespread. popular mvstifieation 
over how radio is done. People have been inclined to classify 
it along with the acts of the conjurer or in some cases to link it 
closely with the deeds of the Almighty. The miracles of radio, 
actually and in the truest sense, are produced not from batteries, 
coils and electrons, but from the brain of the radio engineer, 
and when the processes of radio are analyzed they are no more 
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mysterious than any other familiar process. This is the day 
of the radio engineer, in still another sense.  Progress:in radio 
has been up to the present by empiricism. Its foundations have 
now been laid. The outlines of its major forms of service to 
humanity now appear and the task of perfecting this service 
and its instrumentalities is the task of the radio engineer. He 
must and he can apply the principles of science and technology 
to advance beyond the empirical foundations of the subject and 
obtain from it, by both logical and laborious procedure, all of 
its possibilities. 

There is no need for me to delay the convention getting 
under way in order to dilate upon or even to mention the achieve- 
ments or the status of radio. Suffice it to say that those who 
work in it belong to a recognized branch of engineering which has a 
unique responsibility. It has been said that the progress of civ- 
ilization consists in learning how to better employ and transform 
energy. Such words as these state the mission of all engineers, 
but the material with which he works takes the radio engineer 
beyond even this control of physical energy, for the uses of 
radio today have vitally to do with the use and control also of 
human energy. А well-known radio engineer in one of his 
moments of tribulation said that these days a radio engineer 
must be all of the following things: an electrician, a physicist, 
an expert in acoustics, a mechanical engineer, a musician, and 
a diplomat. It is a fact that radio has become a large subject. 
А few years ago, within our own lifetimes, it was an apt saying 
that no one person could know all the sciences. The multipli- 
cation and ramification of knowledge has now become so great 
that, as any of us in our more ingenuous moments will admit, 
no one person can even know all of radio. I suppose that we 
ean say that this branch of engineering has arrived, when it 
has become so specialized that а person working in one branch 
of it can give an intelligent disquisition that his fellow members 
in the profession are not able to understand. 

Radio engineers can take great satisfaction not only in the 
particular field that lies before them but also in the substantial 
manner in which progress is going forward. We have perhaps 
gone beyond the point where the daily newspapers turn to 
radio for the ereation of a daily sensation, but to the engineer 
who really knows what is being done there are many substantial 
advances and improvements in active progress at the present 
time. The uniform forward movement along the whole front 
of radio problems and activities is a genuine cause for optimism, 
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and optimism is conspicuously the attitude of all workers in 
radio whether in its engineering, scientific, commercial or social 
aspects. I would not be misunderstood as intimating that its 
problems are solved,—by no means. The existence of a number 
of healthy man-sized problems is what gives zest to the game. 

The chief concerns of radio engineering just now are: per- 
fection of broadcasting, and the penetrating of the mysteries of 
radio wave propagation. "These can be considered as, in а sense, 
a single problem since the first cannot go very far forward with- 
out the second; yet these two comprehend broadly the two 
major streams of engineering thought and effort at present. 
There has been great progress and fine achievement in both 
of them during the past year. 

These two things have been chosen as the main themes of 
this convention; the one, broadcasting progress, will be the 
subject of our thoughts at tonight's meeting which will be a 
symposium on the results of the radio conference held in Wash- 
ington in November, 1925. "The other problem, the vagaries 
of radio waves, is the general theme of the two scientific sessions 
of the conference. 


STATUS REPORT ON INSTITUTE ACTIVITIES 

It is my duty to outline briefly the progress of the Institute 
during the past year. The business matters of the Institute are 
handled by the Board of Direction, an elected body of twelve 
members which meets once a month. During this year the 
eustom has been inaugurated of presenting to the membership 
a regular summary of the business transacted. This has been 
done through а verbal report by the President at each meeting 
of the Institute and through the bi-monthly section on "Institute 
Notes" in the PRocEEDINGs. The work of the Institute is done 
mainly through five standing committees. These committees 
have been active and not merely decorative. 

The outstanding progress of the year has been the growth 
of the sections of the Institute at various points throughout the 
country. At the beginning of the year there were four such 
sections, those of Boston, Washington, Seattle and San Fran- 
cisco. There was little outward evidence of activity on the 
part of some of these Sections. During the year Sections have 
been organized in Chicago, Philadelphia and Toronto. The 
Toronto Section is the first section to be established outside the 
United States although the Institute has always had a substan- 
tial membership in foreign countries. The desirability and 
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possibility of organizing overseas Sections is one of the interesting 
questions which is engaging the thought of the Board of Direction 
at the present time. Іп any event there are a number of cities 
in the United States in which Sections will doubtless be organized 
in the next уеаг or two. The growth of the Sections is greatly 
stimulated by the action of the Institute this year in providing 
a number of special measures, including financial support, for 
the regulation and encouragement of the local Sections. This 
progress has been made possible largely through the work of 
Mr. McNicol, our newly-elected president, who, as chairman of 
the Sections Committee, made trips to а number of the cities 
to help organize and stimulate Sections and in other ways has 
put a large amount of time into this most important part of the 
Institute's work. 

During the year the membership has increased. It should 
be borne in mind that most persons must join the Institute as 
Associates. The rather rigid requirements for the grades of 
Member and Fellow are faithfully observed by the Board, and 
very careful consideration is given to every application for 
membership in these grades. This careful work by the Board 
in the matter of membership which has become a tradition, en- 
sures that election to the Member or Fellow grade is a recogni- 
tion of professional attainment which is worth something to 
any radio engineer. 

It is a particular pleasure to report that the financial status 
of the Institute has changed from a deficit at the end of last 
усаг to а substantial balance at the end of the year just closed. 
Effective in 1926, the Institute has found it necessary to raise 
the dues by a small amount. While such a measure ts always 
unwelcome, it was rendered inevitable by the expansion of 
activities which the Institute could no longer avoid. Proper 
stimulation and development of the work of the various local 
Sections is alone a sufficient cause for this need of increased 
income. As a partial paliative to the raise in dues, members will 
receive with the first PROCEEDINGS in 1926 an excellent printed 
report Which gives the result of two vears’ work by the Com- 
mittee on Standardization in the мау of standard terminology, 
definitions, and graphical symbols. This will be followed by 
a Year Book which will include a complete address list, the con- 
stitution and section by-laws, and general information about 
the Institute. 

This Standardization Report is a document which is expected 
to be the basie standard of radio language for the next two years, 
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which is the approximate period allowed before a new edition of 
the report may be necessary. Radio has now become stabilized 
to the point where it seems desirable and worth while for the 
Institute to undertake standardization work of considerably 
broader scope. It may therefore be expected that the activities 
of the Standardization Committee during the coming year will 
progress to questions of measurements, tests, specifications, 
etc. 

The meetings of the Institute during the past year have 
been marked by a broadening of the scope of subjects treated. 
As broadcasting has come to absorb the work of a majority 
of the radio engineers, a much wider field of topics has become 
available and necessary for the programs of the Institute meet- 
ings. This tendency has been recognized in the papers chosen 
and presented during the year. 

This has been in part reflected in the articles published in 
the PROCEKDINGS. That periodical has maintained its well-known 
high standard. The interest of the PRocEEDIiNGS has been 
heightened by the addition of the section, “Institute Activities," 
an innovation which has been very popular with the membership. 
The volume of material offered for publication has been so great 
than an undesirable number of months intervenes between the 
submission of papers and their final appearing in print. The 
Board has therefore given very careful consideration to the 
possibility of changing the ProcEEpINGs from а bi-monthly 
to a monthly periodical. While no definite plans can be made 
as yet, it may be tentatively forecast that the PROCEEDINGS 
will be changed to а monthly periodical at the beginning of 1927. 
It has already been necessary to provide additional editorial 
service. Arrangements have been made during the year with 
the Editor of the Journal of the American Institute of Electrical 
Engineers for certain assistance in the editing and publication 
of our PROCEEDINGS. 

There is one point concerning the character of papers pre- 
sented at the meetings and printed in the PROcEEDINGs on which 
I think it necessary to give a warning. There is considerable 
temptation for а radio engineer to use such papers for purposes 
of commercialization. In yielding to this temptation to secure 
advertising either in the presenting or in publication of a paper 
tends directly toward the institution of censorship or, shall we 
say, toward the requirement of severe editing. Either is unde- 
sirable both from the viewpoint of those who present papers or 
of the editorial staff of the Institute. The proper place for com- 
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mercial expression in the PROCEEDINGS is in the advertisements. 
It is worth mentioning, incidentally, that special attention has 
been given to the advertising this past year and an extremely 
high grade of appearance and character can be observed in the 
advertisements published in the PROCEEDINGS. 

The year has been marked by a broadening of the afhlia- 
tions of the Institute. It has become an affiliated society of 
the American Association for the Advancement of Science and 
ix represented on the Council of that institution. It has hecome 
a subseribing member of the National Fire Protection Associa- 
tion and as such will participate in the formulation of national 
electrical codes. The Institute has also been active in the 
work of the American Engineering Standards Committee, 
through participation in some of its committees. These include 
the Sectional Committees on Radio, on Symbols and Abbrevia- 
tions, on Batteries, and on Drafting Methods. 

Svinptomatic of the inereasing activities of the Institute, 
а definite overhauling of the constitution is under considera- 
tion. This is being done in no hurried manner. It is thought 
that a revised constitution will be drafted during the coming 
vear. The committee, of which the present speaker is ehair- 
шап, has this work in hand and will be glad to receive any sug- 
gestions from the membership. Тһе office of the Institute has 
just taken larger quarters and is a hive of activity. This activity 
іх a reflection of the loval support, enthusiasm, and interest of 
the Institutes members all over the world. I know of nothing 
which so fully illustrates this interest and activity as the present 
convention with its well-laid plans. fine attendance, and every 
prospect of suecess, 


NEW OFFICERS 

It is now my pleasure to present to vou the new officers of 
the Institute. Phe gentleman whom vou have elected president 
for the coming vear is the man who has been responsible for 
most of the progress made during the past vear. He has done 
anything but fill the usual role of а vice-president. Instead, 
he has taken И upon himself to be very active, and such out- 
ganding achievements as the organization of the Chicago and 
the Toronto Seetions are to be credited to his zeal. Tf the 
new president recelves support this vear in proportion as he 
has given it in the past vear, he will have very little trouble 
in carrying the Institute a long way toward its destiny in 1926. 
I bespeak such support for him. He іх а man of very wide 


ADDRESSES AT FIRST CONVENTION 257 


experience in engineering organizations. Не has been active 
for many years in both the Institute of Electrical Engineers . 
and the Institute of Radio Engineers. Не is known as a friend 
of the young engineer, and perhaps nothing better can be said 
of à man who has established himself in his profession. He 
has a most unusually complete and extensive library covering 
the whole field of the profession. He is a man familiar with the 
mechanisms of publicity, having had wide experience in editorial 
work, which is one of the main factors in the growth of an 
organization such as this. All who love the Institute and have 
ideas or plans for activities will find fertile soil for their develop- 
ment this year. I am very glad to present Mr. Donald Me- 
Nicol, the new president. 


ADDREsS OF PRESIDENT McNICOL 


There may be societies in which the office of President 
is mainly an honorary elevation, but in the Institute of 
Radio Engineers the post is a place where the eight-hour- 
day is in bad standing. The growth of the Institute in 
the past two or three vears has been such that the routine 
work and the problems of management have enlarged 
considerably. 

It is a credit to past-presidents and to past Boards of 
Direction that the Institute survived through the hectic 
years of fundamental invention in radio, and a greater 
credit still that its prestige and influence have spread 
widely, always on sound foundations. The most an in- 
coming president may hope for is that he will succeed in 
maintaining the standards established, while pressing on 
with a view to further growth and greater usefulness. 

The Institute is a clearing house for radio scientific 
knowledge and literature and its main purpose is to get 
this information into circulation among the present and 
oncoming generations of radio engineers. 

I am fully appreciative of the honor of serving the 
Institute as President, following illustrious predecessors 
such as Dr. Kennelly, Dr. Langmuir, Dr. Pupin, Mr. Mar- 
riott, Mr. Pickard, Mr. Hogan, Dr. Alexanderson, Prof. 
Morecroft, Dr. Pierce, and Dr. Dellinger. 


* * * ж ж 
The Institute has elected as its vice president a man who, 


hike the new President, has been active in its service. The 
vice-president-elect was the chairman of the Standardization 
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Committee, the excellent fruit of whose labors I have already 
mentioned. While comparisons are always odious, I believe in 
rendering tribute where tribute is due, and have no fear of con- 
tradiction when I say that the best paper presented to the 
Institute in 1925 was one by this same gentleman and his asso- 
ciates, a most remarkable contribution to scientific knowledge 
of radio signal fading. The gentleman whom I am about to 
introduce has a long record of radio service, having served with 
distinction in the Army during the war and since then in com- 
mercial engineering. Our new Vice-President, Dr. Ralph Bown. 


PRESENTATION ОЕ MEMORIAL TO THE SECRETARY OF THE 
INSTITUTE 


In the preceding I have not spoken of the Institute's ac- 
tivities prior to 1925. The new member of the Institute may 
think that the Institute always existed or that it has been 
handed down from the dim past, but things like the Institute 
don't just happen and don't spring suddenly into full-grown 
life. There has been a period of fourteen years of steady growth, 
and this growth is but an integral of the work and faith and 
service of a number of devoted enthusiasts. The Institute is 
particularly indebted to the pioneers who founded it and built 
it up in its early years. Such men as Marriott, Stone, Ken- 
nelly, Eastham, Simon, Sarnoff, Hubley and Goldsmith are 
the personalities who should receive the homage of the Institute 
today for bringing this organization into being. It is a note- 
worthy fact that the Institute has been developed entirely on 
voluntary service. Not only have its officers served without 
reward of any kind but they have contributed substantially to 
it in more than one sense. Of no person is this more true than 
of Dr. Goldsmith, who has been Secretary and Editor for many 
years. In recognition of his conspicuous service to the Insti- 
tute, the Board of Direction has deemed it fitting to give a 
definite expression. It is therefore my pleasure to present to 
Dr. Alfred N. Goldsmith this engrossed testimonial. (Dr. 
Goldsmith then received a framed testimonial, signed by all 
members of the Board, containing the following expression: 


The Institute of Radio Engineers 
To Dr. Alfred N. Goldsmith 
in recognition of his service to science in the upbuilding of 


The Institute of Radio Engineers 
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The members of the Board of Direction, as the representa- 
tives of the Institute, are happy to give expression to the high honor 
and esteem in which they hold Dr. Alfred №. Goldsmith, who has 
served as Secretary of the Institute for the past eleven years and 
as Editor of the PRockEDINGS since the beginning. He has given 
unstintingly of his time; his substance, his ability and gracious 
good will to the Institute; has personally built into its structure 
much of the strength it now has, and has continuously borne the 
burden of 148 problems. The Board of Direction therefore takes 
particular pleasure, at this first Convention of radio engineers, in 
acknowledging to Dr. Goldsmith their deep appreciation of his far- 
sighted support and guidance of the Institute, and the service he has 
rendered through 1t to the progress of science and engineering. 


PRESENTATION OF LIEBMANN MEMORIAL PRIZE 


There was established seven years ago a fund having an in- 
come of $500 a year to be used for an annual prize. This is 
awarded by the Board each year to the engineer who has made 
the most valuable recent contribution to the art and science of 
radio. 

I mentioned that one of the two main themes of this Con- 
vention is radio wave propagation. It is altogether fitting 
that one event of our program should be an act of recognition 
of an outstanding event in this field. Beginning in 1920, work- 
ing first rather as an amateur than as a member of the Westing- 
house staff, Mr. Frank Conrad made the bold departure of 
establishing regular radio communication on frequencies of 2700 
and 5000 kilocycles. He made the startling discovery that 
there was actually better transmission under some conditions, 
and less fading than on low frequencies. This and related 
facts are now very familiar, but at that time it was an overturn 
of all conceptions of wave phenomena to find that the irregu- 
larities of transmission did not increase with the frequency. 
This achievement has been widely heralded. The statement 
has even been made that the discovery of the potentialities of 
high frequencies is the greatest step taken in radio since the 
orginal invention of radio itself. It.is not my function or 
purpose to weigh the achievement. It is itself a tribute to the 
amateur, to the Westinghouse Company, to the spirit of experi- 
ment and adventure in the human heart, but beyond all this a 
tribute to Frank Conrad. The previous recipients of the Lieb- 
mann Memorial Prize are: 
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INTRODUCTION 


The purpose of this paper is to present the outstanding fea- 
tures which need be considered in choosing the rating of a high 
power transmitter, with particular reference to the design of the 
antenna. The fundamental data presented herein pertain 
mostly to trans-oceanic stations which use long wavelengths, and, 
to a great extent, these data are not applicable to short-wave, 
long-distance circuits. The better-known features will be re- 
ferred to briefly, and the features comparatively new will be ex- 
plained in greater detail. 

Conditions of propagation at long wavelengths have proven 
to be sufficiently dependable for obtaining practical engineering 
information. The probable reason is the relation between the 
physical dimensions of the waves and the conditions in space 
through which the waves are transmitted. Although phenomenal 
results have recently been obtained over great distances with 
short waves and low powers, the long waves and high powers are 
still depended upon for reliable long distance communication. 


PRELIMINARY CONSIDERATIONS OF A PROJECTED TRANSMITTER 


In choosing the wavelength for a long-distance circuit, data 
available from various long-wave transmitting circuits is being 
utilized. Mr. Alexanderson and other experienced investigators 
have found that, for reliable communication, less than five hun- 
dred wavelengths should cover the communication distance. 
This figure is subject to some variation, depending on the direc- 
tion and location of the communication points, and can be more 
definitely established after observations during extended periods 


*Received by the Editor, February 15,1926. Presented before the Insti 
tute of Radio Engineers, New York, March 3, 1926. 
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have been carried out at these locations. On account of conges- 
tion at certain wavelength bands, it is often necessary to use 
other than the optimum wavelength. 

The rating of а transmitter is conveniently designated as the 
product of effective height of antenna and antenna current. In 
order to predetermine the meter-amperes required to provide 
communication between two points, it is necessary to ascertain 
the magnitude of atmospheric disturbances at the terminals of 
the channels. From this information, and having chosen the 
relation between signal and disturbance intensity required, the 
meter-amperes of the transmitter can then be calculated. Ех- 
tensive work in the field has been done by Mr. H. H. Beverage, 
of the Radio Corporation of America, and others. 

The required meter-amperes can be obtained by а combin- 
ation of large generating equipment and small antenna, or vice 
versa. There is one optimum value of cost in which a minimum 
balance is obtained between the cost of all initial maintenance 
and operating expenditures of the generating equipment against 
the cost and maintenance of the antenna structure (Figure 1).! 
After these considerations, which really are the most laborious 
on account of the many estimates that have to be made, the 
dimensions of the antenna structure can be decided and the de- 
sign work started—the most economical mast height and mast 
spacing having already been determined in estimating the opti- 
mum cost of each aerial considered in the estimate. | 


COMPARISONS OF TYPES OF ANTENNAS 


In considering the advantages and disadvantages of various 
types of antennas, both mechanical and electrical features have 
to be considered. Theoretical evidence and actual performance 
data obtained from experience determine the type to be selected. 

The broadest classification of the various types of antennas 
may be obtained in classifying them according to their height. 
Thus, we have antennas of great height and relatively low capac- 
ity, and those of lesser height and large capacity. The former 
type generally employs a centrally arranged system utilizing a 
few supports of great height, and usually does not lend itself to 
multiple tuning. One of the main reasons is that the capacity of 
the superstructure is low and the effective height will be consid- 
erably lowered by introducing a number of downleads. Another 
disadvantage of the high type structure is the relatively high 


1 The Electrical Plant of Transoceanie Radio Telegraphy, by Е. Е. W. 
Alexanderson, А. E. Reoch and С. H. Taylor. Journal А. I. E. E., July, 1923. 
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capacity between the antenna and its supports, which results in 
lowering the effective height. On the other hand, when anten- 
nas of moderate heights are used, these are generally built 
to cover а large area, and the efficiency of such a system 
can be made comparatively high by multiple tuning. The 
lower type antenna, which has a large surface, has a large 
capacity and its effective height is but little influenced by 
the introduction of a multiple of downleads. This classification 
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FIGURE 1 


applies mostly to large antenna structures. In comparatively 
small structures, these conditions may be considerably modified. 


GROUNDED OR INSULATED SUPPORTS 


The question whether supports for large antennas to be oper- 
ated at long waves should be grounded or insulated from ground 
is largely an economical one. The insulators are, of necessity, 
large and expensive and add appreciably to the cost of the sup- 
ports. Due to the high mechanical loads which the insulators 
must carry, a number of units are usually used in multiple, and 
it is very difficult to distribute the load equally among the several 
units. Replacing damaged insulators adds to the cost of main- 
tenance. The 860-foot support for the umbrella antenna at the 
Tuckerton Station in New Jersey was originally insulated, but 
these have been replaced with metal blocks, due to mechanical 
failures. 

A so-called insulated support is, at best, only partially insu- 
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. vuna supports be either well insulated or 
-ouduetive base will introduce relatively 

‘crs Тог the antennas at the Radio Central 

~ «i are built on concrete bases. Figure 2. 
- "ur bases in multiple for each support is 200 


FIGURE 2 


^ vider certain weather conditions. The capacitive reactance 

o ne antenna to a support is approximately 5.000 ohms. At 

C vienna potential of 100,000 volts, the current collected by 

^v support із 20 amperes. If the concrete bases were not well 
қ есі. the loss would be S0 kw. per support. 

Fer antennas which are to be operated at relatively short 
wavelengths in which the height of the supports is of the order 
o: a half wavelength or more, the insulation of the supports from 
хи has certain advantages which do not exist at long waves. 
\t the relatively short wavelengths. grounded supports may cause 
wustderable distortion te the field intensity pattern from the 
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In comparatively small antennas. one or more cages have 
оле mechanical advantage that thev are simpler to construct and 
aw less affected by wind than are the flat tops which use spreaders 
te separate the wires. Electrically. the flat top has a slight 
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slightly higher capacity is obtained. This gives slightly greater 
effective height and efficiency. 

Antenna downleads which are subjected to voltage of 75,000 
and above are frequently made in cage form, mainly to avoid 
corona. The diameter of the downleads should not be made of 
larger diameter than necessary to avoid corona, as the larger the 
diameter the greater is the capacity of the lead or leads to ground 
which lowers the effective height and efficiency of the antenna. 


MECHANICAL FEATURES OF ANTENNA DESIGN 


Mechanical Models—Having decided upon the type of struc- 
ture and its general dimensions, & mechanical model is often 
useful to aid in forming a conception of the various mechanical 
features and is particularly useful to check calculated forces in 
complicated structures. These models are usually made to a 
convenient scale, and particular attention is given to making the 
essential parts to have the correct relative weights. "With the 
model in the normal position, the dead weight stresses are meas- 
ured by a small dynamometer. By tilting the model, gravity 
then replaces wind conditions. Light chains or soft lead wire 
have been found useful in such models. | 

Antenna Supports (Masts, Towers, etc.)—The supports are 
of two main types: self-supporting and guyed structures. In 
America, at least, the trend in recent years has been towards the 
self-supporting type. The self-supporting type, although often 
of a higher initial cost than the guyed type, offers several ad- 
vantages. It is less costly to maintain, has less influence 
on the antenna capacity and, thus, its effective height, and in 
certain cases, especially at the shorter waves, it causes less com- 
plications in tuning phenomenon and absorption. Self-supporting 
structures can be conveniently constructed with cross arms. 
These make it possible to arrange the superstructure with con- 
siderable width without using pairs of supports, thereby provid- 
ing & relatively large capacity at an effective height which 
approaches the physical height. 

Wire Material—In selecting wire material for an antenna, 
the material affording the best compromise electrically and 
mechanically is chosen. "The materials most favorable so far 
have been found to be silicon bronze and Copperweld steel 
wires. As more data become available about the latter, it seems 
to be the better of the two. 

One determining factor in choosing the wire material is 
fatigue and crystallization of the material. It can be said that 
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a large aerial employing long spans is never at rest, and these 
motions in the system cause fatigue of the material. The natural 
periods of these motions cover a very wide range from high notes 
of audio frequeney down to oscillations that may take several 
seconds to complete the cycle. It is thought that of these the 
ones causing the crystalhzation are those of the highe: order. 
It was found that solid wires were much more subject to crystal- 
lization than stranded wires, and this is, of course, only natural, 
as the stranded wires afford some damping effects due to their 
construction. But even stranded wires show the same effects, 
and it cannot be said that this investigation is finished yet. 
The slower motions have a great wearing effect upon connec- 
tions and jumpers, as these are continuously subject to back 
and forth bendings. Although these are mostly of a minute 
magnitude, it is surprising how enormous the wear can be dur- 
ing a year of service. 

Protection from Excessive Mechanical Loads—In order to 
protect an antenna structure from damage by the weather ele- 
ments, arrangements must be made to prevent loads in excess 
of the elastic limit of any portion of the structure. Often this 
has been done simply by providing sufficient wire sag. This 
is detrimental to the electric constancy of an antenna during 
wind. and various means of permitting small wire sags have been 
introduced. The nature of such arrangements differs greatly 
with the various antenna tvpes. For antennas of the “Radio 
Central" type, it is feasible to use very strong wires having 
a small sag, as the strain in the wire is at no point taken by 
the masts. which latter merely support the weight of the wire 
as in а transmission line. The supports for the Radio Central 
antennas are of the self-supporting {уре with cross arms. There 
іх one weak point in this type of support which must be safe- 
guarded. Іп ease one or several wires should break, the cross 
arms would be exposed to an unbalaneed load from the remaining 
spans of this wire and the supports are subject to dangerous 
twisting. It was, therefore, found necessary to permit the whole 
wire to drop in case one should break, in order to avoid such a 
condition. This is accomplished by means of gripping devices 
at the supports of the wire that will open when the wire load 1s 
unbalanced. In order to safeguard against excessive loads should 
the stresses be great even under balanced conditions, as, for in- 
stance, In ease of failure of the sleet-melting equipment during 
a heavy sleet storm, each wire has at one end been equipped with 
a tripping device which, by releasing the wire at one end of the 
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анны 


. wires to drop. Ву adjusting these tripping devices for different 


loads, it is possible to let the wires causing the most dangerous 
loads to drop first. This system has been described in detail 
by Mr. J. Н. Shannon in a paper, “Sleet Removal From An- 
tennas,” presented before the INSTITUTE oF RADIO ENGINEERS, 
New York, September 2, 1925. Provisions to melt sleet from 
antennas is justified by two reasons: (1) It is a form of insurance 
against long delays which would be occasioned by damage to an 
antenna by excessive sleet loads. (2) It reduces the initial cost 
of an antenna by permitting the adoption of a structure of mod- 
erate strength. 

Wherever feasible, the use of counterweights is a very satis- 
factory method of safeguarding against excessive stresses in an 
antenna. For the Radio Central type, this is impracticable, and, 
therefore, other designs have been tried in which it was attempted 
to combine the advantages of a long flat top antenna and to em- 
ploy counterweights. This antenna is designated as the diamond 
type. One of the antennas at the Tuckerton Station is of this 
type. Figure 3 shows a plan view. This antenna is multiple 


PLAN VIEW 
УР" ANTENNA AT TUCKEZETON STATION 
TUNED AMO сете 2 AT POINTS TC” 


FIGURE 3 


tuned at the points designated in the figure and the spans are 
counterweighted at the same points. Figure 4 shows the arrange- 
ment of the downlead at the outside end of a diamond in Figure 
3 and Figure 5 shows the arrangement of the two downleads at 
the inside ends of the diamonds in Figure 3. The antenna de- 
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signed for the Pernambuco Station is of the diamond type and is 
shown in Figure 6. The diamond type requires one extra mast | 
for every two spans, but this is partly compensated for by the 

greater width that can be used and thus is not so uneconomical. 
The great advantage of this type is in its mechanical features, 


FIGURE 4 


FLAN VIEW 


DIAMOND ANTENNA FOC PERNEMBUCO STATION 
TUNED AND COUNTERWEIGHTED AT PONTS Ж 


FIGURE 6 


in that it can be counterweighted at one end of every span and 
the counterweight be given such a weight that the elastic limit 
of the wires can never be reached. The performance of this an- 
tenna type has been studied and found to work as expected. 
During a sleet storm at Tuckerton, the power supply failed and 


Digitized by Goo сие 


MAIN CONSIDERATIONS IN ANTENNA DESIGN 209 


thus prevented the melting of sleet. The counterweights merely 
permitted the antenna to assume an enormous sag. Of course, 
the antenna could not have been used while in this position, even 
if power had been available. As soon as the power supply was 
available, the sleet was melted, the antenna resumed its normal 
position and traffic was resumed without extra delay due to 
repair work. Counterweights are always used in anchoring 
downleads, regardless of antenna type. 


ELECTRICAL FEATURES OF ANTENNA DESIGN 


Capacity Calculations and Measurements of Models—In the 
calculation of antenna capacities, the problems are often so com- 
plicated that it is not practicable to attempt a theoretically exact 
solution, which is possible only for very simple types of antennas. 
An outline will be given of the methods which have been found 
most useful and which are sufficiently accurate for practical pur- 
poses. The basic principle of the most useful method is to con- 
‘vert the physical arrangement of conductors to such forms that 
the well-established formulas for the capacity between concen- 
tric cylinders and between a cylinder and plate can be used. 

Of the several components which constitute the total antenna 
capacity, the largest component is usually that of the horizontal 
or top section to ground. This component is again subdivided 
into wire to plate capacity and plate to ground capacity; these 
two components are in series. Consider the horizontal section 
as being composed of a number of wires equally spaced apart and 
parallel with the ground. The wire-to-plate capacity is deter- 
mined by considering each wire as being surrounded by a cylinder 
whose circumference is equal to twice the spacing between the 
wires. The capacity of each wire to its concentric cylinder times 
the number of wires gives the wire-to-plate capacity per unit 
length of the wires. The plate-to-ground capacity is determined 
by considering the wires to be replaced by a cylinder whose cir- 
cumference is equal to twice the spacing between adjacent wires 
times the number of wires. The capacity of this cylinder to 
ground is equal to the capacity to a concentric cylinder whose 
diameter is four times the distance from the antenna wires to 
ground. | 

In the case of а long flat top antenna of constant width, the 
conversion to concentric form is simple. In the case of a diamond 
antenna, the conversion is less direct and the results less accurate, 
especially when the width exceeds twice the height. 

In all cases in which a large number of wires is considered, 
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regardless of the geometrical form, it is well to obtain the plate 
capacity, which is the capacity of a metal sheet of the same outline 
as the antenna. If the antenna is low compared to its length and 
width, the plate capacity and a small factor for edge effect gives 
the true capacity. As the height increases, the factor for the edge 
effect increases and this factor can not be estimated unless special 
data are available. 

In order to check calculated capacities, especially in geometri- 
cally odd design, it is well to measure models. If models for meas- 
uring capacity directly were to be built, these would have to be 
rather large, and would involve a considerable expenditure of 
time and money. A method much better and very reliable is 
the water-box method, which utilizes measurement of resistance 
rather than of capacity. There is required a water-tight wooden 
tank with а metal plate covering the bottom, or а metal tank 
with the inside side-walls dressed with some insulating material 
and the bottom of this tank uncovered. А standard consisting 
of а circular disk and surrounded by а concentrically arranged 
shield ring (Klevin ring) is used. Both the disk and ring are fast- 
ened to a plate of some insulating material so that only one side 
of them is uncovered. If the disk and its associated ring are 
mounted above and parallel to the bottom of the tank with the 
metal side facing the bottom, the capacity of the disk can be very 
closely calculated as it is a straight plate condenser without edge 
effect, due to the shield ring which always is given the same poten- 
tial as the disk. The edge effect will thus only appear at the out- 
side edge of the shield ring and not come into consideration. À 
model of the antenna plate is now made to some convenient scale, 
comparing in size with the standard. Insulated leads are attached 
to the model and the disk and ring of the standard. The appara- 
tus is now placed in the tank, which is filled with water. The 
capacity of the standard is known. The resistance of the stand- 
ard as well as that of the model can be measured, and thus the 
only remaining unknown factor is the capacity, which can be cal- 
culated from these values, as the current lines radiating from 
the model have the same physical shape as the electrostatic 
lines. Thus, the lower the resistance of the model, the 
higher is its corresponding capacity. This method is very 
reliable and has been found useful for checking purposes in com- 
plicated cases. 

In ease а model employing wires is used, it is impossible to 
use wires small enough to correspond to the scale. The smallest 
practicable wire is used in the model, and, when enlarged to 
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full scale, is considered the outside cylinder around the actual 
wire. | 

In order to get an idea of the correct number of wires to be 
used, it isoften advisable to calculate the so-called wire factor which 
is the ratio of the total capacity of the flat top to its plate capacity. 
If the supports are strong enough, this factor should be made 
high. On the other hand, when a support of given strength is 
available, the factor should be made low, as this means that the 
wires have been spread apart as much as possible and thus the 
greatest possible capacity has been obtained with а minimum of 
wires. 


REsisTANCE— REPRESENTATIVE 


A segregated list of the various components of resistance of 
one antenna at Radio Central Station is as follows.' 


Radiation resistance at 16,500 meters. ..... 0.05 ohm 
Soil гесізігсе.......................... 0.10 ohm 
Tuning coil resistance................... 0.15 ohm 
Conductor resistance............ ee eee 0.05 ohm 
Insulation and other losses............... 0.05 ohm 

Тоїа]............ 0.40 ohm 


With a given arrangement and dimensions of an antenna, the 
radiation resistance at & given wavelength is definitely estab- 
lished. The other factors which represent losses are subject to 
considerable variation, largely under control of the designers. 


RADIATION RESISTANCE 


This element can be calculated by well-established formulas.? 
These formulas contain a factor for the effective height which can 
also be calculated, but not to the same accuracy as in some sim- 
рег problems. After а station has been erected, а check оп the 
caleulations of effective height can be obtained by measuring 
the field intensity at а given distance from the transmitter and by 
calculating the effective height of the transmitting antenna from 
these data. Close agreement has been obtained between the two 
methods of determining the effective height. 


SoIL RESISTANCE 


This item is usually a larger part of the total resistance than 
is shown in the segregation which applies to а “Radio Central" 


? Transoceanic Radio Communication, by E. Е. W. Alexanderson. G. Е. 
Review, October, 1920. 
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antenna. А careful study of the various factors involved in the 
arrangement of а ground system and the application of well- 
established principles is well worth while. 

The fundamental principle of keeping the soil resistance low 
is to provide short paths for the current through the soil. If the 
resistance of the soil is low, pipes or buried plates may be used 
to good advantage. If the resistance 1s high, which is the usual 
condition, buried wires are preferable. The unit resistance of 
dry sand is more than 500 times the resistance of salt marsh. 
Actual measurement of soil resistance is very necessary before 
a ground system can be properly designed. 

The ground currents should be collected according to the area 
of ground around the point of collection and according to the 
field intensity at this point. It has been found necessary to 
arrange the buried wire system so that it can be tapped at & 
great number of points and the current carried back to the tuning 
coil center by means of an overhead conductor. To effect an 
orderly arrangement, the tapping points are generally arranged in 
symmetrical rows and these rows are connected to a main over- 
head bus which connects to the antenna tuning coil. Аз the cur- 
rents are collected along this bus, the current passing through the 
bus and the inductive voltage drop along the bus become greater 
as the tuning coil is approached. If, therefore, it is desired to 
collect equal currents at each grounding point, it is necessary to 
insert an inductive reactance at this point which has a value cor- 
responding to the voltage of the overhead bus divided by the eur- 
rent to be collected. This is equally true in connecting up the 
antenna supporting structures and other structures with the 
ground return system. The currents collected by these struc- 
tures are first ascertained, and then the proper reactance in 
the connecting link is caleulated from the voltage of the 
collecting bus and the current to be collected in order to maintain ` 
the natural current distribution, which depends upon the distribu- 
tion of the electric field from the antenna. 

It ean readily be seen, however, that in an antenna of 
great proportions and with the heavy currents that would 
have to be carried along the busses, or in case of а 
counterpoise, considerable inductive voltage drop would occur 
along the conductor. Thus considerable flux would radiate from 
these busses and cause circulating currents in the ground. Some- 
times, when the bus is not too long, the voltage can be neutralized 
by series condensers inserted in the line. For extended systems, 
this is an undesirable complication and has the disadvantage of 
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correct neutralization at only one frequency. Regardless of the 
neutralization of the voltage on such busses, the magnetic 
field from the current they carry still remains and is & source of 
considerable loss due to induced circulating currents in the ground 

The greatest advancement in the solution of these problems 
was the development, by Mr. Alexanderson, of multiple tuning.® 
The main object of multiple tuning is to provide shorter paths for 
the ground currents. This is accomplished by distributing the 
total antenna current through a number of tuning coils spaced 
along the length of an antenna, rather than to have the total cur- 
rent flow through one coil. The multiple arrangement makes it 
possible to obtain а ground-distributing system of reasonable pro- 
portions and the soil resistance is thereby greatly reduced. 

Excellent results have been accomplished by Mr. Hansell and 
Mr. Carter, of the Radio Corporation, in investigating the pheno- 
mena of conduction of current through soils of different charac- 
ters. These investigators demonstrated mathematically and by 
experiment that, for а soil of given character, there is а fairly 
definite length of wire which gives highest conductivity at a given 
wavelength. This length is approximately one-quarter of the wave- 
length at the rate of propagation in the particular soil. The rate 
of propagation in soil is much slower than in air, in certain soils 
being 1/20 or less of the rate in air. If the length of wire is ex- 
tended indefinitely, the conductance will pass through а number 
of cycles of decreasing amplitude, becoming constant at a value 
which would obtain with an infinitely long wire. 

Another method of reducing soil resistance is by the use of a 
counterpoise—earth screen—and in some cases а combination of 
wire ground and counterpoise is justified. On account of the im- 
portance of reducing soil loss to à minimum, the outstanding 
factors will be considered. 

First, consider an antenna without а counterpoise, having only 
a buried wire ground. Figure 7 shows the flux distribution 
of a long flat top antenna. The electric lines of force from the 
antenna spread à maximum amount and the radiation resist- 
ance of the antenna is à maximum. Оп the other hand, all of the 
antenna current returns through the soil and through the contact 
resistance between the buried wires and the soil. On account of 
the large spreading of the lines of force, а portion of the current 
travels long distances through the soil. Therefore, if the resist- 
ance of the soil and the contact resistance are high, the radiation 


? Transatlantic Radio Communication, Ьу E. Е. W. Alexanderson. Pro- 
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efficiency might be low. If a large area under and around the 
antenna can be covered with buried wires, the soil resistance can 
be reduced and the radiation efficiency increased. 

Second, consider an antenna with а counterpoise only. There 
is no contact resistance between the soil and buried conductors. 
The electric lines of force are pulled in toward the counterpoise. 
The amount of lines which go from the antenna directly to the 


Figure 7 —Flux Distribution of a Long Flat-Top Antenna 


counterpoise is proportional to the ratio of the direct capacity 
between the antenna and counterpoise and the indirect capacity 
from the antenna through the ground to the counterpoise. The 
potentials on the antenna and counterpoise are in inverse pro- 
portion to their capacities to ground. The potential of the coun- 
terpoise when no ground connection is used is always of opposite 
polarity to the antenna potential because when the lines go in the 
direction antenna to ground, they go, at the same time, in the 
direction. ground to counterpoise. Considering the ground to 
have zero potential, one must be negative when the other is 
positive. Therefore, the counterpoise radiation is counter to the 
antenna radiation. 

With & counterpoise, the radiation resistance of the antenna 
is decreased on account of the lines being pulled in toward the 
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counterpoise and on account of the counter radiation. On the 
other hand, there is no contact resistance and the currents 
through the soil are smaller. Therefore, for a given area of coun- 
terpoise, there is а certain height of counterpoise which gives 
maximum radiation efficiency. If the ground area for counter- 
poise is unrestricted, maximum efficiency of the counterpoise is 
obtained when it extends over a large area. In this case, the 
height of the counterpoise above ground should be equal to the 
spacing beteeen the wires, to prevent any of the lines from the 
antenna from passing through the counterpoise. Of course, there 
should be a sufficient number of wires so that the counterpoise 
can be kept low, thereby keeping the counter radiation low. 

Following the preceding line of reasoning, we can readily see 
the conditions which may justify a combination of wire ground 
and counterpoise. This condition is obtained when the ground 
area under and around the antenna is restricted and the soil re- 
sistance is high. If a sufficient amount of buried wires is used in 
this restricted area, the soil and contact resistance for currents 
within the area can be brought to a very low value. If the ground 
were stony, it might not be possible to install a sufficient amount 
of buried wires. Regardless of the amount of wires in the re- 
stricted area, the ground currents produced by the lines which 
would fall outside of the area would flow through high resistance 
soil. Obviously, it would be advantageous to reduce the currents 
beyond the restricted area, and we have seen that the counter- 
poise does just this. 

Let us now assume that a first-class buried wire system has 
been installed in the restricted area, and the soil and contact re- 
sistance within this area is negligible. Neglecting the coil, con- 
ductor and other relatively small resistances, the antenna re- 
sistance 1s determined by the effective height of the antenna and 
the resistance of the soil outside the restricted area. By knowing 
the soil resistance, the effective height can be made such that the 
radiated energy is as large as possible, compared with the energy 
lost in the soil outside the restricted arca. 

The same results can be obtained by using only a counterpoise 
and no buried ground, provided the counterpoise has enough 
wires (high capacity) and covers the same area as the buried wire 
ground system. | 

Either the buried wire svstem or a counterpoise structure for 
a large antenna is very costly. The combination of the two some- 
times proves to be the most economical, because fewer wires can 
be used in both, thus reducing the initial and maintenance costs. 


е N. LINDENBLAD AND W. W. BROWN 


. з feasible to use fewer wires in each because the duties of the 
"ao are reduced; the total antenna current is divided between the 
"o, И the eounterpoise carried the total antenna current, its 
o»ential would be high because its area is restricted, the number 
of wires and the capacity are small. The higher the potential of 
the counterpoise, the greater would be the proportion of lines 
from the antenna to the counterpoise as compared with the lines 
to the soil beyond the counterpoise. This would result in a lower 
effective height, because the effective height is determined by 
the flux distribution. 

What is the best distribution of current between the buried 
wire system and the counterpoise? Consider first the circuit of 
antenna, inductance coil and counterpoise. With the circuit 
energized, there is a point on the inductance which has ground 
potential because the counterpoise potential is counter to the 
antenna potential. If the buried wire system is connected to this 
point of ground potential, no change in circuit condition will re- 
sult. If the ground system is tapped down the coil towards the 
counterpoise, the total antenna current will be distributed be- 
tween the counterpoise and wire ground. 

As the proportion of total antenna current to current in the 
buried system 15 increased, the effective height and radiation re- 
sistance increases. The soil resistance also increases and the con- 
ditions may be expressed mathematically from the fundamental 
formula: 


Radiation efficiency 27 = m. 
Р, +Рр 
А RptARp 
as о: 
(UE AG) + Ug E ARR) 


where А / is the inerease in radiation resistance, and 
А Rais Che increase іп ground resistance. 


For а certain adjustment, the above equation will give à 
maximum value for Z, which is the maximum radiation efficiency. 

The combination of buried wire and counterpolse systems 
has proven useful т decreasing the soil resistance at stations 
which were built at a time the knowledge on this subject was 
limited. In these cases, the height of the antenna was fixed and 
the combination provided а means of adjusting the antenna for à 
relatively high radiation efficiency. In such eases, a check on the 
calculated optimum. proportion of current in the two systems 
could be obtained by measuring the field intensity for the antenna 
with different distributions of current, using the same power 
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input to the antenna in each case. The maximum radiation 
efficiency is not necessarily obtained with minimum antenna 
resistance. 

The tendency of the Radio Corporation engineers has been | 
to adopt the buried wire system in preference to the counterpoise 
or the combination of the two. The main reason is that the buried 
system is not subject to mechanical or electrical failures, and, 
therefore cannot cause interruption of service. Thus, the econom- 
ical factor enters again and in a broader ‘aspect. 
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This is the largest item of loss given in the segregation for a 
representative antenna, and therefore justifies: careful consider- 
ation in connection with long-wave high-power antennas.‘ In 
the design of such coils, the two most important factors are re- 
liability and efficiency. As а result of investigations over a period 
of ten years, improvements have gradually been brought about 
in the early designs, so that at this time there are two types of 
coils which embody the factors of reliability and efficiency to a 
high degree. The two types differ mainly in that one is intended 
for operation outdoors; the other type is for. indoor use. 

From a reliability standpoint, of first importance, is a large 
factor of insulation strength. This is obtained by using porcelain 
for the supports of the conductor and so arranged that long leak- 
age paths over the surface of the porcelain are provided. From 
an efficiency standpoint, the kind of conductor, proportions of the 
coil, absence of metal fittings in the supports and low dieleotric 
loss in the supports are important factors. 

Figure 8 shows'an assembled coil which operates reliably— 
outdoors—at 18,000 kilovolt-amperes at higher efficiency than | 
a combination of four coils of an earlier type with the same total ` 
kv-a. distributed equally. Figures 9 and 10 show, respectively, 
a spacing block for the conductor and a detail of the porcelain 
supports which contain а negligible amount of metal. 

Figures 11 and 12 show component parts of the unit type coil, 
and Figure 13 the assembly of a complete unit. These units are 
stacked, vertically, to the required numbers. "This type is in- 
tended for indoor use. There are no metal fittings in the sup- 
ports, and the conductor is of finely stranded Litz proportioned 
to reduce eddy current losses to a minimum. Coils of this type 


* Desi and Efficiencies of Large Air Core Inductances, by W. W. 
Brown and J. E. Love. PROCEEDINGS or THE INSTITUTE ОЕ RADIO ENGIN- 
EERS, December, 1925. 
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are operating very satisfactorily at 16,000 kv-a. as antenna tun- 
ing coils and at 28,000 kv-a. as antenna uncoupling coils. Аз 
uncoupling coils, the potential of one antenna is impressed on the 
bottom of the winding which requires high insulation strength to 


pacing Block for the Conductor of Antenna 
Tuning Coil 


ground. This is obtained by using the required number of blank 
rings between the bottom active section and the concrete foun- 
dation vi 


,00gle 
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Each of these types can be proportioned for satisfaetory oper- 
ation at practically any load encountered in connection with high- 
power long-wave antennas. They are particularly suitable for 


use with multiple tuned antennas. 
Outdoor coils are satisfactory under nearly all climatic con- 


FIGURE 10 


ditions, except when so located that salt spray deposits a coating 
of salt on the coils. This condition necessitates housing around 
the coils, and other conditions sometimes justify housing. Figure 


Figure 11—One Section of Unit Type High-Power Antenna Tuning 
Coil 


14 shows a house at the Marion Station in Massachusetts of a 
size suitable to protect one antenna tuning coil and one uncoup- 
ling coil. This house is of frame construction, lined with sheet 
copper; joints between sheets are soldered, and the roof is also of 
sheet copper. The effect on the electrical characteristics of a coil 
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by erecting a house around it is to slightly lower the inductance 
of the coil. The resistance is not appreciably increased. 


CONDUCTOR RESISTANCE 


This element is usually relatively small because of the large 
number of conductors in the multiple and each conductor is of 


FIGURE 12—Porcelain Cylin- 
der for Unit Type Tuning 
Coil, 36 in. Diameter 


FIGURE 13—Porcelain Spacing Block with 17 Grooves for High- 
Power Antenna Tuning Coil 


large diameter to avoid corona. For the antenna proper, silicon 
bronze and copperweld are used almost exclusively. These mate- 
rials have slightly different resistance at radio frequencies, but the 
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choice between them is usually for mechanical rather than elec- 
trical reasons. 


INSULATOR RESISTANCE 


The type of insulator most satisfactory for insulating high- 
voltage antennas is in the form of a long cylindrical rod or tube 
with suitable fittings and shields. Porcelain is the material used 
almost exclusively, and the designs now in use are the result of 
development over a period of several years.” The dielectric loss 
in one insulator of this type at 100,000 volts is so small that we 
were unable to measure it accurately. However, in а large an- 
tenna there are frequently 100 or more insulators, so that the total 


FIGURE 14 


loss becomes appreciable. Correct shielding is very important 
to obtain satisfactory operation during varying weather con- 
ditions. 

Indoor tuning coils require lead-in insulators. Several forms 
of these insulators have been used more or less successfully. The 
type now gaining favor is shown in Figure 15. А large number 
of insulators of this type of different sizes, having flahsover values 
from 30 to 100 kv.,is in satisfactory use, and a size having a flash- 
over of above 200 kv. is being tested. Larger sizes can be made 
if required. The mechanical strength of these insulators is in 
most installations sufficient to withstand the mechanical load 
of the downlead without additional insulators, which were re- 
quired before this type became available. Electrically, they have 
proven satisfactory through the range of long waves to as short 
as 100 meters. 


* Radio Frequency Tests on Antenna Insulators, by W. W. Brown. Pro- 
CEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, October, 1923. 
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Corona in any appreciable amount must be avoided in order 
to obtain otherwise possible efficiency. Ап antenna curve of 
Resistance vs. Current shows constant resistance through the 
range of low and increasing current until the corona point is 
reached at which the resistance increases rapidly. The corona 
point in а representative high-power antenna is around 175,000 
volts, but in many existing antennas is much lower than this 


Figure 15—Radio Antenna 
Lead-in Insulator — Nominal 
Rating 80,000 Volts 


value. This, of course, can be raised by providing larger con- 
ductors, greater spacing, etc. 


EFFECTIVE HEIGHT 


As an antenna always consists of members of different heights 
and as parts of its wire system often are close to the supporting 
and other structures, it is necessary to take all these factors into 
consideration in order to estimate their combined influence upon 
the effective height of a system. 

The factor determining the magnitude of the influence of 
each member is its capacity, and, as the purpose of the investi- 
gation is to find the effective height, the effective height of each 
part of the system should be taken into consideration. The 
problem is similar to that of finding the center of gravity of a 
body. 

The products of the capacity and effective height of each 
portion of the system are added up and this sum is then equal 
to the sum of all capacities multiplied by the combined effective 
height which is the unknown factor. This problem is relatively 
simple when the physical dimensions of an antenna are small 
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compared with the wavelength that is used, as the effect of uneven 
voltage distribution can be neglected. When an antenna is large 
compared with the wavelength used, a third determining factor 
is introduced, that of the voltage of each portion considered. 
This sometimes leads to quite involved complications, depending 
on the design of the structure. 


ANTENNA UNCOUPLING 


When two or more antennas are located close together, dif- 
ficulties are encountered in simultaneous operation of these an- 
tennas, particularly if the wavelengths are close together. These 
difficulties are due to the capacitive couplings between the an- 
tennas, and the methods of overcoming these difficulties are re- 
ferred to as antenna “uncoupling”? methods. 

Due to one antenna being present in the electromagnetic field 
of another antenna, energy is in this way transferred from the 
latter to the former, and the amount of energy transferred de- 
pends upon the voltage of the exciting antenna, the combined 
impedance of the capacity path between the two, and the im- 
pedance of the pick-up antenna. It is evident that several con- 
ditions can be obtained, depending upon the impedance com- 
binations between the antennas. The energy collected by an 
adjacent antenna may be helpful or detrimental to a signal, de- 
pending upon whether the energy in the pick-up antenna is in 
phase or out of phase with the energy in the primary antenna. 

The conditions may be divided into two main cases: 


1. The secondary antenna is tuned to a lower frequency. 
The impedance across the second antenna is thus capacitive for 
higher frequencies. As the coupling reactance is capacitive, there 
is a successive voltage drop first from the primary antenna to the 
secondary and then across the secondary. The secondary an- 
tenna will thus be in phase with the primary. 

2. The secondary antenna is tuned to a higher frequency. 
the impedance across the secondary is thus inductive. As the 
coupling capacity furnishes a capactive reactance, a successive 
voltage drop will no longer take place across the combination as 
in Case 1. Furthermore, there will occur three different condi- 
tions in this case: | 


(a) The reactance of the coupling capacity is smaller than 
the impedance of the secondary antenna. Then а por- 
tion of the inductive impedance will tune the coupling 
capacitance. However, as the voltage drop along this 
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inductive impedance must be continuous and greater 
than the voltage drop across the coupling capacity, and 
as the difference between the two is equal to the prim- 
ary antenna voltage, then this voltage must be in phase 
with the primary antenna voltage. 

(b) The reactance of the coupling capacity is equal to the 
impedance of the secondary antenna. Then all energy 
will be transferred from the primary antenna to the 
secondary as a tuned short circuit has been formed across 
the primary antenna by the combination of coupling 
"apacity and secondary antenna. 

(c) The reactance of the coupling capacity is larger than the 
impedance of the secondary antenna. Аз the voltage 
drop must be continuous along the coupling reactance 
and greater than that across the secondary antenna, and, 
as the difference between the two equals the primary 
antenna voltage, it follows that the primarv and second- 
ary antenna voltage are 180 degrees out of phase. 

Condition (D has no detrimental effect from an energy stand- 
point. 

Condition (2) is undesirable as it may happen that (a) the 
secondary antenna may constitute too great a branch of the tuned 
circuit of the primary antenna; (b) the energy dissipation is al- 
most entirely transferred to the secondary antenna; (с) the radia- 
tion of the primary antenna 15 considerably neutralized by out- 
of-phase currents in the secondary antenna. 

Thus it ean be seen that while Condition (1) in most cases 
would be desirable as И corresponds to a greater combined an- 
tenna system of consequently lowered resistance, this condition 
is always accompanied by Condition 12), and thus it is necessary 
to employ means of neutralizing the effect of the coupling between 
the antennas. 

In long wave transmitters, the methods of controlling the 
antenna energy for signaling depend at least partially on the prin- 
ciples of detuning. Through this action, the keving of one an- 
tenna tnitluenees the keving of the other in a detrimental manner. 

As the coupung Is capacitive. it would be most logical to 
balanee this by another capacitance. but unfortunately, the 
physteal conditions of the circuit prevent this procedure. The 
capacity of the coupling has, instead. usually been neutralized 
by paraceiing the capacity with an inductance, thus forming а 
paraneb-tused cireuit of high impedance between the two an- 
tennas. Another method of uncouphng is to introduce an oppos- 
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ing voltage in one antenna from the other by means of neutraliz- 
ing transformers. Should it be desirable to completely neutralize 
for both frequencies, the two methods may be combined. It has 
been found sufficient to use one of the two methods, and, in 
America, the shunt tuning of the coupling capacity has generally 
been used.° 

Best results have been obtained by having this circuit tuned 
to а frequency midway between the two antenna frequencies. 
In this case, the impedance of the uncoupling circuit and the 
secondary antenna will always be either both capacitive or both 
induetive and thus insure against opposing phase relations be- 
tween the primary and secondary antennas. Also, the effect 
between the two has been greatly reduced, due to the increase in 
impedance across the uncoupling branch. 


TRANSMISSION LINES 

It is often desirable to locate the antenna at some distance 
from the transmitter. This is especially true in the case of multi- 
plex stations. Transmission lines will then be required to con- 
nect up the antenna with the transmitter. If the physical length 
of the line is small compared to the wavelength, almost any kind 
of connecting link forming part of the antenna circuit may be 
used. The line may either be arranged to feed the antenna in 
shunt or series. When the physical length of a line becomes great 
compared with the wavelength used, more specific methods have 
to be resorted to in order to transfer the energy efficiently and 
without undesirable tuning phenomena. When a line of these 
proportions is energized and tuned for the transfer of energy, 
there is one optimum adjustment at which the transfer takes 
place with a minimum loss of energy. This adjustment may be 
called the unity power factor adjustment of the line. At this 
adjustment—provided we have a perfect line—the current is the 
same throughout the line, showing the non-existence of standing 
waves. As is well known, a standing wave of any kind is caused 
by two waves traveling in opposite directions. In the transient 
state of charging a line, there are only traveling waves, but, when 
these reach the end of the line, if they are not perfectly absorbed 
by correct loading resistance, the remaining energy is stored up 
magnetically or electrically, as the load resistance is too small or 
too large to absorb the energy in a given time. This stored energy 
is then reflected back, due to the electromagnetic pressure caused 


* Multiple Antenna Installation, by Dr. A. Meissner. Telefunken Zeitung, 
January, 1923. 
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~y into the elastic medium surrounding the 

—- — wing the energy back again over the wire. an 

-.>ssary loss takes place. Standing waves occur 

< чез у state has been reached, the line assumes a 

ч сапое at its ends which depends on its length in rela- 

ae wavelength, and often these impedances are of incon- 

- iuagnitudes to fit in with the rest of the circuit. Standing 

~co ‘ай never occur on an infinitely long line as the energy 

* « never reach its end to be reflected. When the load end of a 

‘te of finite dimensions is adjusted so that all incoming energy 

'* absorbed and none reflected, this corresponds to making the 
iine infinitely long. 

In the case of a perfect line. it may be of interest to conceive 
the following interesting fact. If a direct-current source be con- 
nected to a line of infinite length. а steady current will contin- 
uously flow into the line. The amount of current will depend 
upon the balance between the capacity and inductance of the 
line. Thus its ability to take a charge and pass it along. If we 
measure the voltage of the source and the current it delivers into 
the line, the quotient between the two gives the impedance of the 
load and this is called the surge impedance of the line. If we 
were facing four terminals in the laboratory and were told that 
across two of them was connected a resistance and across the 
other two was connected a transmission line infinitely long. with 
no conductor or leakage resistance. it would be a physical impos- 
sibility for us to determine Бу any means of measurements 
(direct current or radio frequency). to distinguish between them. 

The surge impedance of a line without conductor or leakage 
resistance is the square root of the quotient between inductance 
and capacity for any length of the line: for a well-built line and 
of the dimensions conveniently used. this is sufficient for practi- 
cal considerations. Гога line consisting of two wires, each one- 
quarter of an inch in diameter and a foot or so apart. the surge 
impedance is of the order of six hundred ohms. 

From the previous outline of the principles involved. it is 
evident that reflection free load of a line is obtained when the 
load impedance equals the surge impedance of the line as the 
charge will enter an impedance which is of the same value as if 
the line were infinitely long. The energy then is received and 
absorbed at the same rate as it is delivered and no reactive stor- 
age of energv takes place. 

It has been found by Mr. Kroger and Mr. Lindenblad. of the 
Radio Corporation. that the insertion of a transmission line, 
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whether of natural or artificial form, is an excellent means of 
coupling circuits, together which, by direct magnetic or capaci- 
tive coupling, would separate into two degrees of freedom; that 
is, assume two tuning points. 

In the practical arrangement for connecting up a radio fre- 
quency transmission line, it has been found advantageous to 
employ transformers of high magnetizing reactance and equipped 
with grounded grid type shields between the primary and second- 
ary windings. This tends to prevent uncontrollable standing 
waves resulting from electrostatic pick-up. Sometimes, when the 
field from the antenna is great in the vicinity of the line, it pays 
to run frequently grounded shield wires above the transmission 
line. It is not necessary to build a transmission line straight, as 
practice has proven that negligible disadvantages result from 
bends. provided they are not too sharp nor too frequent. 

The correct impedance from the antenna loading circuit can 
be obtained in several ways. For instance, the secondary of the 
line transformer may be tapped to the point on the tuning coil 
which corresponds to this impedance. Another arrangement 
which provides a wider range of adjustments is to make the 
antenna tuning unit in two parallel branches and connect the 
secondary of the line transformer in series with one of the 
branches. The inductances may be varied so that the correct 
impedance is obtained. In adjusting a line after approximate 
values have been obtained from calculations and test, it is some- 
times of value to insert three ammeters in series in the line, and 
spaced a quarter of a wavelength apart. When the three meters 
read alike, the line is working at the correct loading. It is readily 
understood that with two meters at any spacing, equal values 
can be obtained even if standing waves are present as the meters 
may accidentally be placed symmetrically in relation to the stand- 
ing wave. 


ANTENNAS AT THE DEVELOPMENTAL BROADCASTING STATION AT 
SCHENECTADY 


The problems in connection with the design of these antennas 
were very different from those in connection with antennas for 
a commercial station. One of the main objects in connection 
with the Developmental Station was to compare the relative 
characteristics of various wavelengths from 4,000 meters to the 
shortest for broadcasting purposes. The antenna erected to cover 
the range from 4,000 to 1,000 meters is shown in Figure 16. The 
principles which had been found applicable to long-wave antennas 
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vv eund to be substantially correct for this antenna. The 
гече values of the essential characteristics checked very 
аң “ху the calculated values. Тһе antennas at the station which 
evt the range of wavelength from 1,000 meters to the shortest 
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ANTENNA No 5 
RANGE 3000 ғо /000 METERS 
DEVELOPMENTAL BEORDCASTING STATION 
SCHENECTADY. N.Y. 


Бісске 16 


ан of several different types and the fundamentals of these types 
аге being established, Figure 17 shows a plan of the station 
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едик 17 Arrangement of Buildings, Towers and Antennas, Developmental 
Broadeusting Station, South Schenectady 


property and the location of the supports for the various an- 
(ENAS. 

In order to determine the radiation efficiencies and directive 
properties of these antennas, a portable field intensity instru- 
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ment, Figure 18, was developed by the General Engineering 
Laboratory. This operates on the tube voltmeter principle. The 
instrument is calibrated in the laboratory in a field of known in- 
tensity. The scale readings taken in the field times a correction 
factor for different wavelengths, scale corrections, etc., gives 
directly the field intensity in microvolts per meter. Provision 
is made to check in the field the power factor of the resonant cir- 


FIGURE 18 


cuit, which has been found desirable when field measurements are 
made in adverse weather conditions. This type of instrument 
with suitable loop and condenser elements has been used at 1,600 
380, 100 and 50 meters. 

In measuring a field intensity pattern of an antenna, a con- 
tour map of the surrounding country is invaluable. Circles are 
drawn on the map at different radii, with the transmitting an- 
tenna in the center. The points at which roads cross these circles 
are chosen as the points at which field intensities are to be meas- 
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ured. It has been found that local conditions at the points meas- 
urements are taken influence the field intensities at those points. 
The most reliable measurements are made in level, open country. 
at “а one. wavelength away from power transmission lines, 
iedleihone lines, ravines or high banks, buildings, ete. 

Figure 19 shows the pattern at 5 kilometers distance from the 


PELO РТ PAT ZEX€N AT 5 ИИОМЕЛЕе 
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WAVELENGTH 379.5 МЕГЕ £5 
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antenna regularly used by WGY. The abrupt irregularities are 
largely due to loeal conditions at the points measurements are 
made, “Phe regular pattern, as determined by several series of 
measurements, is slightly ellipitieal with the major axis NE by 
SW. This is at right angles to the length of the antenna, which 


In multipley tuned, 
Figure 20 shows a family of patterns of field intensities meas- 
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ured at 4, 5 and 6 kilometer distances from Antenna No. 15 at 
the Developmental Broadcasting Station. These patterns show 
the effect of local conditions on the intensities measured. The 
antenna was а vertical cage, operating at 380 meters. The cage 
was supported by a steel cable suspended between two steel sup- 
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FIELD INTENSITY PATTERNS AT 4,5 ano 6 
KILOMETERS ANTENNA № 15 AT DEVELOPMENTAL 
BROADCASTING STATIN, ЖАО, МК A* 3795 METERS. 


FIGURE 20 


ports, each 300 feet high, which were grounded. The steel cable 
was sectionalized by insulators. 

Figure 21, Pattern “В,” shows the intensities measured at 5 
km. from the same Antenna No. 15, the only essential difference 
being that this pattern was taken with the cage supported by 
non-conducting manila rope. Pattern “А” in the figure is the 
same as the 5-km. pattern in Figure 20. This antenna, supported 


322 N. LINDENBLAD AND W. W. BROWN 


by manila rope, is one which has been used by WGY with super- 
power. 

Figure 22 shows the pattern at 5 km. from Antenna No. 5, 
which is the antenna used with super-power broadcasting at 


ЖӘЕ ИТЕ PATTERNS AT 2 IMS. 
ANTENNA NOIS DEVELOPMENTAL BEMBCRSTING 
STATION, SCHENECTADY, N.Y. 
A= 7795 METERS. 


FIGURE 21 


1.560 meters. This is a multiple tuned type supported between 
two 300 foot grounded steel towers, shown in Figure 16. 


CONCLUSIONS 

This very general treatment of the complicated problems of 
antenna design is intended to explain how these problems are 
attacked and, toa large extent, have been solved. The reduction 
of resistance of high-power, long-wave antennas to a value con- 
siderably less than one-half ohm has introduced two problems: 
One pertains to a limitation of speed of signaling: the other to 
the increased sensitivity of tuning. The lower the resistance and 
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power factor of an antenna, the greater is the effect of its electri- 
cal inertia, which opposes rapid signaling. This problem is of 
considerable importance at the present time, and is being inves- 
tigated. The tuning of an antenna having a power factor of the 
order of 0.0015 is so sharp that small changes in capacity, due 
to wind, reduce the antenna current very appreciably. Ап auto- 
matic antenna tuning device has been developed which maintains 
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FIGURE 22 


correct tuning when the changes are not too rapid. This device 
s being improved to operate more rapidly. 

In the field of relatively small antennas which operate at 
powers and wavelengths suitable for marine service, broadeast- 
Ing, etc., the investigations to determine how accurately the prin- 
ciples applied to long-wave antennas can be applied to these, are 
well under way at the Developmental Broadeasting Station at 
Schenectady. 
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MAINTAINING A CONSTANT READING ON AN AM- 
METER IN THE FILAMENT BATTERY CIRCUIT OF А 
THERMIONIC TRIODE* 


By 
E. H. W. BANNER, М.ӛс., 


I.—INTRODUCTION 


The trouble experienced in determining what is а constant fil- 
ament current is stated at length in а paper read before the In- 
stitution of Electrica] Engineers (Wireless Section) on March 16, 
1921.—'"The Effect of Electron Emission on the Temperature 
of the Filament Anode of a Thermionic Valve," by G. Stead, M.A. 
(volume 59, page 427). Most of the speakers in the discussion 
emphasized the point and no satisfactory solution was arrived at. 
The present research was undertaken with the idea of supplying 
a solution to the problem. 


11—Ам EXPERIMENTAL DETERMINATION OF A MEANS OF 
MAINTAINING A CONSTANT READING ON A FILAMENT 
AMMETER 


If the filament of a thermionic triode is connected to a suit- 
able supply, and the grid and anode are both insulated, an am- 
meter placed in any part of the circuit will read the same current. 
Figure 1 shows this, and two ammeters are connected, one in the 
positive and one in the negative lead. When the valve is in use, 
either oscillating or not, the filament emission causes an altera- 
tion in the two ammeter readings, the alteration depending on 
the method of connection of the anode circuit to the filament cir- 
cuit. | 

Figure 2 shows one of the usual methods of connection, in 
which the two negatives are connected together. "Through 
these tests the grid and anode were connected together in order 
to obtain а maximum emission from the filament. Figure 3 is а 
common alternative, showing the anode battery negative con- 
nected to the filament battery positive. 

It is found that on switching on the anode battery the reading 

*Received by the Editor, March 31, 1925. Released for publication 
March 3, 1926. 
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= 


FiGURE 1 

of the negative ammeter increases and the positive decreases for 
both the above methods of connection. Figure 4 is similar to 
Figure 3 except that the connection is made to the filament side 
of the ammeter. In this case both readings increase. Lastly, 
Figure 5 shows the anode battery connected to the filament side 
of the negative ammeter. Now both readings decrease on switch- 
ing on the anode battery. 


Figure 5 
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This states the case as generally accepted, that the switching 
on of the anode battery makes it impossible to maintain the fila- 
ment current constant, and a statement that the filament cur- 
rent was constant during any particular test is void unless the 
method of connection and the position of the ammeter are stated, 
at any rate for accurate work. 

This investigation was commenced with the object of finding 
if any position of the ammeter, and a method of connecting the 
anode battery, was possible, so that the ammeter reading would 
be unaffected by any variation in the anode circuit. 


TABLE I. 


Figure 2 Negative ammeter reading increases. Positive decreases 
3 Negative ammeter reading increases. Positive decreases 
4 Negative ammeter reading increases. Positive increases 
5 Negative ammeter reading decreases. Positive decreases 


Comparing the cases shown in Figuers 4 and 5, it is seen that 
the two extremes are met, and it appeared possible to obtain a 
mean position between these cases so that both ammeter readings 
would be constant. 

The circuit of Figure 6 was then wired up, using a slide poten- 
tiometer-rheostat RT with atapping at S variable between R and 
T. When Sis at В, Figure 4 is reproduced, and when at Т, Figure 5. 

À test was then commenced to endeavor to find a position for S 
so that ап ammeter in the circuit would indicate a steady amount. 
As the anode current for these tests was about 7 milliamperes 
and the filament current about 0.7 ampere the effect of adding 
the two is to increase the current from about 0.700 to 0.707 ampere, 
an increase of 1 percent. "This is a small proportion and the usual 
forms of measuring instrument are too insensitive to indicate а 
change much less than about 1 percent with ease. In order to be 
able to state that the filament current is constant it is therefore 
not sufficient to state that the ammeter reading is constant as a 
change of 1 milliampere is not shown, and it is necessary to de- 
tect а smaller quantity than this in order to state that the cur- 
rent is constant. 

It will be seen, therefore, that it is necessary to be able to read 
3 change in current at least of the order of 0.11 percent or 1 in 
1,000. Noindicating instrument that will read this was available, 
and so as an indicator a reflecting galvanometer was arranged 
to project its light spot on to а wall about two meters from the 
mirror. Тһе terminals were short-circuited by a piece of bare cop- 
per wire, the actual length being adjusted by trial. For the test 
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the circuit of Figure 6 included the short-circuited galvanometer 
in series with one of the ammeters. It must be noted that the 
galvanometer deflection was not used for measuring current, but 
only for detecting a change of current. The galvanometer, in 
effect, is used as in a null test, the steady filament current merely 
displacing the zero. In this way the various instrument errors 
are eliminated. The short-circuit was adjusted to give a steady 
deflection of about two meters on the seale, or rather on the wall, 
as the galvanometer had been moved back from its normal po- 
sition to about two meters, and the deflection was off the usual 
scale. The other ammeters in circuit were only used for approxi- 
mate readings, as nothing better than a first-grade instrument 
was available for current measurement in the author's laboratory. 
The filament was then switched on to a 4-volt aecumulator and 
when the light spot had come to rest, the anode battery was 
switehed on. When the slider was near the negative end, the 
deflection decreased and when at the other end, an increase was 
observed. This only confirmed the preliminary rough tests. The 
slider was adjusted until on switching on the anode battery no 
change of deflection occurred. It was possible to read a change 
of 1 millimeter, and as the deflection was two meters, the sen- 
sitiveness was of the order of one in 2,000, which is within 
the limit attempted (1 in 1,000). This means that with the 
slider at the point found, the change of current for a filament 
eurrent of 0.7 ampere was not greater than 1 in 2,000 X0.7 or 
0.35 milliampere. With an even more sensitive arrangement 
the point of balance might be found still closer, if desired, but 
the change is very small in the region of no deflection and so a 
slight alteration in the slider position is negligible. 

It was then necessary to find the position of the slider with 
А 
РТ 


|. (Alater test with a ratio 


» 


respect to the filament battery, and so the ratio ТИТИРЕП 


This was found to be 0.17, ог practically 
| | : i * . . . Е 
) 
prove to be constant under different conditions, and so two fur- 
ther tests were carried out. The anode battery voltage was re- 
duced to about half the previous value, other conditions remain- 
ing constant. No change in the deflections was observed. Sec- 
оп у, a reduced filament current was used and finally a different 
valve. The spot showed no change on switching the anode bat- 


| | 1 
tery on and off in each ease, showing that the ratio of Ны sat- 
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isfactory and constant for different conditions of the circuit. 

The first test was repeated with the galvanometer in the other 
lead, and similar results were obtained, as was expected from 
a study of Figure 6 as the two ammeters are in series with no 
branch circuits between them and the battery. 


ІШ-Ах INVESTIGATION INTO THE DISTRIBUTION OF CURRENT 
IN A TRIODE CIRCUIT 


As a further check it was considered desirable to check the 
currents all round the circuit, and as the author’s laboratory 
was limited in its stock of instruments, the work was concluded at 
the University of Birmingham with permission of Professor W. 
Cramp. | 

The triode was connected up as Figure 7, ammeters being 
placed in each filament lead and in each battery lead. With the 
circuit RT broken, the four ammeters A1, A2, АЗ, and A4 were in 
series and their readings were taken for different values of current 
in order to calibrate the remainder against A1, which was known 
to be the most accurate. 


FIGURE 7 ' FIGURE 8 


The milliammeter in А5 read the emission current and was 
in series with the anode battery. Milliammeters mA6 and mA7 
read the steady current thru the resistance RT when the anode 
battery was disconnected. Finally, an electrostatic voltmeter 
read the anode battery voltage. 

Readings were taken on all instruments under the following 
conditions :— 

(1) Filament Circuit only made. 
(2) Filament and resistance RT connected. 
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(3) As (2) with the anode battery on. 


(4) As (3) but with ratio changed to 


am ous 


(5) As (3) but with ratio changed to- 


(6) Tests (2) and (3) with a 6-volt T and rheostat. 
(7) Tests (2) and (3) with reduced filament current. 
(8) Tests (2) and (3) with a reduced anode voltage. 
The first three tests are the important ones, and a summary of 
their readings, corrected for instrument errors, is given in Table 2. 


TABLE 2 
Test —Instrument Readings 


0 670! 0. 670 | 


0 670 06% 
0 666 ; 0.676 


АЗ and A4 are Вацегу Ammeters 
А2 and A3 are Positive 


à and 42 are F'lament Ammeters 
Al and A4 are Negative 


Readings for the subsequent tests are given in Table 3. 


TABLE 3 


0.671 | 0.676 | 0.665 
0.674 | 0.676 | 0.668 | 


(60 No change 
(7) A1 reduced to 0.400 Ampere. No change. 
(8) V reduced to 47.0 Volts. No change. 


OBSERVATIONS 


In test (1) all four ammeters read the same, when corrected 
for instrument errors, as expected. In test (2) the readings of 
the battery ammeters increased slightly owing to the current in 
RT. Very careful observation was necessary to detect the change, 
which was less than 1 percent of the reading. The current 
through RT, as read оп mA6 and mA7 was the same. 

Test (3) confirmed roughly the result obtained in the first 
part of the research, that is, that the battery ammeters main- 
tained а constant reading when the anode battery was switched 
on. It further showed that the distribution of current thru RT 
was altered on connecting at the point S. Tests (4) and (5) were 
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further confirmations of the experimental result found earlier, 
that the ratio Vm should be р . Test (6), using а 6-volt battery and 
a rheostat in series to maintain A1 constant as before, showed no 
change from test (3). For test (7) the current as read on Al was 
reduced and again no change ensued on A3 and A4. 

Finally test (8) showed that the ratio is independent of the 
anode voltage used. This may be summarized as follows: 

When an ammeter is connected in either battery lead and the 
anode battery is connected as shown in Figure 7, no change in the 
ammeter reading occurs after switching on the anode voltage with 

(1) Different filament battery voltage. 

(2) Different filament current. 

(3) Different anode voltage. 

The actual resistance of RT may be varied provided the ratio 
is constant. In the first tests it was 850 ohms, and in the latter 
600 ohms. It should be high in order to reduce the loss of power 
in it and to make the battery ammeter read as little as possible 
more than that used in the filament-anode circuit. If the resis- 
tance is too high, it is possible that the unequal currents at each 
end may heat up the resistance sufficiently to alter the ratio. 
This is not likely if the resistance is of the order of a thousand 
ohms and made of wire, not a carbon line. Figure 8 shows the 
final connections using one ammeter only. This may be in either 
the positive or the negative lead, as shown. | 


SUMMARY: The distribution of current along the filament of a thermionic 
valve is not constant on account of the emission which takes place from the 
filament to the anode. 

When the valve is not emitting, ammeters in each filament lead read the 
same value, but when emitting they are necessarily different, and for the 
usual methods of connection between the anode battery and filament they are 
also both different from the non-emitting reading. 

For accurate tests it is necessary to have a constant reading for compara- 
tive tests, and as the filament current cannot be maintained constant, a cir- 
cuit has been devised in which there is no change on either ammeter reading 
when the anode battery is switched on. 

This is the filament battery current, which, when constant for the cases 
of non-emitting and emitting, provides a standard for comparison between 
different tests. 
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PORTABLE RECEIVING SETS FOR MEASURING FIELD 
STRENGTHS AT BROADCASTING FREQUENCIES* 


Bv 
AXEL G. JENSEN 


(BELL TELEPHONE LABORATORIES, INCORPORATED, NEW YORK) 


In a paper by Bown, Englund and Friis on “Radio Transmis- 
sion Measurements,’ there are described several different 
methods of measuring radio signals and some of the sets for mak- 
ing these measurements are described in detail. The rapid growth 
and the increasing importance of radio broadcasting has since 
made it desirable to construct an improved form of measurement 
set for use in the field, and the purpose of the present paper is to 
deseribe such a set which has recently been developed in the Bell 
Telephone: Laboratories and which is now being used by the 
American Telephone and Telegraph Company for field strength 
surveys, ete. А portable measurement set for this type of work 
was In fact described in the above-mentioned paper and several 
sets of this tvpe have been in use for the last couple of years, but 
in order to emphasize the improvements made in the latest type 
of measurement set there is given, in the following, a very short 
description of this first portable set. The set itself is shown т 
Figure 1 and а schematic diagram is given in Figure 2. 

The receiving set unit 1s a double detection set provided with 
à sensitive meter in the plate circuit of the low frequency de- 
tector and the first part of a measurement consists in tuning in 
the signal to be measured and adjusting the gain of the receiving 
set so as to obtain a suitable signal reading on the detector meter. 
Next, the local signal oscillator is started and adjusted to the 
same frequenev as that of the signal by zero beating, after which 
the loop is cut out of the cireuit and the input shunt adjusted 
so as to give the same meter deflection as before, which means 
that the local signal voltage impressed upon the grid of the high 
frequency detector is the same as the voltage across half the loop 
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— = equal to the voltage se -., 
- м. as measured by a tube +. 
^-iown ratio of the shunt: а>: - 
the step-up ratio of the эс n 
= the loop by the signal. Th. mu. 


FIGURE 1—Early Model of Portable Field 
Strength Measuring Set for Wavelengths 
from 200 to 500 Meters : 


айо of the loop is given by the ratio of « L over R, in which L 

the inductance and R the resistance of the loop. This ratio 
^ thus а measure of the resonance effect of the loop, giving the 
eilage А across the loop at resonance as © L/R times the voltage 

duced in the loop. This loop voltage e gives the field strength 
vu division by the effective height of the loop. The effective 
light of the loop is a function of Its geometrical proportions and 
(he frequency, and mày be determined once for all. The calibra- 
tion of the tube voltmeter will stay constant for a considerable 
tine, but the determination of the loop step-up is inconvenient, 
expecially in a set intended for field use. In order to find the loop- 


| 
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step-up it is necessary to determine the distributed capacity and 
the inductance of the loop, and the resistance of the loop as a 
function of the frequency. The first two quantities will remain 
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FiccRE 2—Schematic Circuit Diagram of the Set Shown in Figure 1 


practically constant for any given loop, and the resistance of 
the loop will remain sufficiently constant for a considerable 


Figure 3—Latest Type of Portable Field 
Strength Measuring Set 
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length of time, as long as the set is used only in the laboratory 
and is not exposed to the weather. In a set for field use, however, 
it has been found that the loop resistance changes considerably 
with the weather, so that in order to avoid errors it is necessary 
to measure this resistance several times a day during the use 
of the set, especially under bad weather conditions. This is, of 
course, very inconvenient and causes quite a loss of time, and the 
main problem in designing the new measurement set has, there- 
fore, been to develop a method by means of which this calibra- 
tion of the loop might be avoided. 


Гіегнк 4—Field Strength Measuring Set in 
Operating Condition in the Field 


Such a method, already in use for several years, is described 
in connection with measurement sets for long wave length in the 
paper mentioned above, and it was decided to try to adapt this 
method to shorter waves also. 

In doing this it was necessary to modify the input circuit 
somewhat in order to make the set more compact and also in 
order to avoid "pick-up" at these higher frequencies, but the gen- 
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eral principle is the same as that used in the earlier long wave 
measurement sets referred to. 

The set is shown in operating condition in Figures 3 and 4 and 
details of the set are shown in Figures 5, 6, 7 and 8, while Figure 
9 gives & schematic diagram of the entire set. Referring to this 
diagram it 1s seen that, as before, the receiving set is in principle 
a double detection set provided with а microammeter normally 
connected in the plate circuit of the low frequency detector and 
used for indicating the signal received. This meter may, how- 
ever, also be used for testing the plate current of any of the other 
tubes by inserting a patch-cord between the meter jack and the 
plate circuit jack for the tube in question. Also a separate jack 
marked "meter" is provided for plugging in an external instru- 
ment instead of the meter permanently mounted in the set. The 
plug marked “‘stage shifter" is always inserted in one of the three 
jacks, 1, 2 or 3 when the set is in use, the corresponding number 
of stages of intermediate frequency amplification in operation 
being 1, 2 and 3, respectively. Finer variations in the gain of the 
set are obtained Бу varying the value of the resistance marked 
"gain control," which is shunted across one of the intermediate 
frequency transformers. The oscillator coil is wound in toroidal 
form in order to prevent any direct coupling between the coil and 
the loop, as such coupling would result in a beating oscillator 
voltage, impressed upon the grid of the high frequency detector, 
which would vary with the position of the loop, thereby making 
the measurements inaccurate. 

The potentiometer shown in the diagram directly under the 
plate current meter is used for balancing out the initial plate cur- 
rent of the low frequency detector, in order that the entire scale 
of the meter may be made useful for indicating the increase in 
current due to a signal impressed upon the grid of the detector 
tube. 

The power supply for the filament and plate circuit of the 
receiving set is a dry cell combination contained in a special bat- 
tery box, whieh may be seen in the left part of Figure 3. From 
the same figure it will be seen that the loop is made with flexible 
wire and is collapsible in order to facilitate transportation. 

А patch-cord is used for connecting the middle terminals of 
the loop to the terminals on the input box, thereby closing the 
loop circuit through a known resistance of normally one ohm. 
This resistance is located in the input box and is further described 
below in connection with the input potentiometer. 

The local signal equipment is shown in the lower part of the 
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diagram in Figure 9, and consists of two separate units, namely, 
the oscillator unit and the input unit. The input unit is con- 
tained in а metal box shown in the left half of the lower box in 
Figure 3, and the oscillator is contained in a similar metal box, 
part of which may be seen in the same figure through the hole 
in the right half of the lower box. 


Figure 5— Rear View of Receiving Unit 


During an actual measurement this hole is tightly closed by 
а metal cover, ground to fit, thus completely elosing an outer 
_ metal box formed by a heavy copper lining on the inside of the 
compartment containing the oscillator box. The leads from the 
input unit to the oscillator unit are enclosed in a heavy copper 
tube connecting the input box with the outer box of the oscillator 
unit and are connected to the two terminals shown on the oscil- 
lator panel. The inner oscillator box is mounted insulated in 
the outer box and is connected to this only at one point, namely 
through one of the two leads connecting the input unit and the 
oscillator unit, this lead forming a direct connection from the 
inner oscillator box to the input box and thus, through the cop- 
per tube, back to the outer oscillator box. 

This double shielding of the oscillator unit is absolutely essen- 
tial in order to avoid any direct “pick-up” from the local signal 
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oscillator by the loop. Without careful shielding this "pick-up" 
voltage may easily be larger than the voltage to be measured, 
thus making the measurements worthless. The oscillator coil 
is, of course, also wound in toroidal form in order to make its 
external field as small as possible, and the power supply for the 
oscillator consists of dry cells contained in the oscillator box 
itself, since any outside battery connections would increase the 
"pick-up" considerably. This is shown in Figure 6. 


Figure 6—Interior View of Local Signal Oscillator Unit 


The oscillator is of the Hartley type and the input current is 
obtained by shunting a high resistance № across а small part of 
the oscillator coil and then tapping across part of the resistance. 
The current then passes through a smaller resistance r, used for 
fine adjustment, next through a sensitive thermocouple Th and 
finally through the attenuator or current dividing potentiome- 
ter P.! 

The values of the resistance in the different units of this 
potentiometer are given in the diagram, and the units are wound 
non-inductively (reverse loop-winding) on а hard rubber toroid 
_ 50 that the points a and e are close together and the points e and c 
directly opposite on the toroid, thereby reducing the length of 
the connecting wires a b e and c d e to a minimum. 

The capacity of such a non-inductive winding is small and 
the inductance may be calculated by the following formula‘ 


L=21 (log,d/p+14—A) 


1 A description of this potentiometer has already been published in a short 
note on “Potentiometer Arrangement for Measuring Microvoltages at Radio 
Frequencies,” Phys. Rev. Volume 26, number 1, page 00 July, 1925. | 

? See E. B. Rosa, Bull. Bur. Stand. 4,301 (1907-8). 


340 AXEL С. JENSEN: PORTABLE RECEIVING SET 


in which [13 the total length of wire, p the radius of wire, d the 
distance between adjacent turns, and A a constant varying from 
0 to 0.45 as the number of turns varies from 0 to infinity. The 
value of A is 0.25 for a coil of four turns, and it will therefore be 
safe to disregard the two last terms in the formula, since all the 
coils in the potentiometer have more than four turns. Applying 
this formula to the coarsest wire used in the potentiometer, 
namely No. 36 B & S Advance wire, DSC, we get d/p —3.5 and 
thus an inductance of 2.45 cm. per unit length, while the resistance 
of the wire is 30 ohms per unit length. 

At 750,000 cycles this gives an inductive drop which is 3.5 
percent of the resistance drop and thus an impedance which 
is equal to y 12+0.0352, or 1.0006 times the pure resistance of 
the wire. It will, therefore, be seen that the impedance will not 
be as much as one percent higher than the pure resistance until 
the frequency is increased to about 3,000,000 cycles. 

For the finer wire the relative excess of inductive drop over 
resistance drop will be still smaller, so that the entire potentiome- 
ter will attenuate the current with an accuracy of one percent 
or better up to frequencies of about 3,000,000 cycles. 

The one ohm unit in the output side of the potentiometer con- 
sists of a piece of No. 36 manganin wire approximately 3.5 cm. 
in length and arranged bifilar so that we may use the same for- 
mula as before in calculating the inductance. We have here 
A =0 and d/p approximately 5, so that L= 13 cm. and e L=.06 
ohm at 750,000 cycles. The resulting impedance is thus approxi- 
mately 1.002 ohm or only 1/5 percent higher than the pure 
resistance. 

The highest current attenuation is obtained with the mov- 
able arm of the potentiometer at point f, in which case the output 
current % is one ten-thousandths of the input current J, and since 
the thermocouple combination used will measure one milli- 
ampere conveniently it is possible to determine voltages down to 
about 1/10 microvolt with an accuracy of one percent or better. 

The following ratios of 1/1 can be obtained by this poten- 
tiometer: .0001; .0002; .0005; .001; .002; .005; 01; .02; .05;.1; .2;.5 
and 1.0, and intermediate values of the voltage across the one 
ohm unit may be obtained by varying the current Г. "These 
different ratios were checked, step by step at 750,000 cycles, by 
using the low-frequency detector in the receiving set as a cali- 
brated tube voltmeter, and in no case was the discrepancy be- 
tween the calculated value and the measured value found to be 
more than one percent. 
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This check shows, at the same time, that direct "pick-up" 
from the input oscillator to the loop has actually been eliminated.® 
The potentiometer, including the switch, is contained in a separate 
compartment of the input box, as will be seen from Figure 7, and 
the potentiometer itself is again enclosed in a separate copper 
can, which has been removed in Figure 8 in order to show the 
hard rubber toroid itself. Thus the resistance units are shielded 
from the switch parts and the one ohm unit in the output 18 
shielded from the rest of the potentiometer. This one ohm unit 
may be seen in Figure 7 and is connected to the terminals on 
the panel through a pair of twisted wires. All these precautions 
in regard to shielding have been found necessary in order to pre- 
vent any stray couplings between the different parts of the cir- 
cuit. 


FicvRE 7—Interior View of Input Box Unit 


À field strength measurement may now be obtained as follows: 
First the signal is tuned in on the receiving set and the gain 
of the set is adjusted so as to give a suitable reading on the de- 
tector meter; next the local signal oscillator is started and by zero 
3 The increase in resistance due to skin effect 13 absolutely negligible for 
the frequencies in question here. Not until the frequency is raised to 15 to 20 


million eycles does this increase amount to one percent even for the coarsest 
wire used in the potentiometer. 
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beating tuned to the same frequency as that of the signal. Care 
should be taken here to make sure that the local signal oscillator 
is not zero beating with some stray signal or with the beating 
oscillator, and it is found convenient in this connection to wateh 
the detector meter while adjusting the frequency of the local 
oscillator. When the beat note between the oscillator and the sig- 
nal becomes very low, 7. e., below audibility, the needle on the 
meter will start moving up and down the scale as the two fre- 
quencies pull in and out of phase, thus indicating that the oseil- 
lator is being adjusted to the right frequency. 

Of course, during this adjustment the input current from the 
oscillator should be kept low enough so as not to cause any 
excessive current to flow through the detector meter. The 


Figure S—Input Potentiometer with Cover Removed, Showing Toroidal 
Arrangement of Resistance Units 


meter deflection is then read, with the local oscillator stopped, 
after which the loop is turned to minimum position, to eliminate 
the signal and, lastly, the input current and the attenuating 
potentiometer are adjusted to give the same deflection on the 
detector meter as before. We then have an equality between the 
voltage drop across the one ohm resistance and the voltage in- 
duced in the loop by the incoming signal. With a thermocouple 
current of Z amperes and a current ratio a = 7/7, we thus have for 
this voltage: 
e—-uxl volts 
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If the area of the loop is А ст? and the number of turns N, we 
have for the effective height of the loop: 


=Z Х10-®х2=/хА XN Өй. 


f being the frequency of the inductance signal, and the field 
strength is thus given by: 
е 9XaXIX10" 
h 2zfXAXN 
or, if we measure the input current I in milliamperes, the fre- 
quency in kilocycles and the field in microvolts per meter: 
ахі 3x10? _ 1 
СО) ^" 2zXAXN f 
The constant К may be calculated once for all for а particular 
loop, and the attenuation a is read directly on the potentiometer, 
so that the only calibrations necessary are a current calibration 
for the thermocouple and a frequency calibration for the loop 
condenser or the local signal oscillator condenser. Both calibra- 
tions will hold for extended periods, provided the set is not abused 
or the thermocouple overloaded. 
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Ғісове 9—Schematic Circuit Diagram of the Latest Type of Portable Field 
Strength Measuring Set Shown in Figures 3 and 4 
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The set in its present form has a field intensity range of about 
30,000 to 20 microvolts per meter and a frequency range of 
approximately 600 to 1,200 kilocycles (500-250). This range may 
be extended upward to about 150,000-200,000 microvolts per 
meter by increasing the resistance unit in the output side of the 
potentiometer correspondingly. А too large value of this resist- 
ance will make the potentiometer inaccurate unless the 999 ohms 
unit is changed also. It would be comparatively easy to extend 
also the wave length range both ways by making interchangeable 
oscillator coils, but the potentiometer will not be accurate for 
frequencies much greater than 1,500 kilocycles (200 meters). 
It was shown above that the impedance of the one ohm unit at 
750 kilocycles (400 meters) is 1/5 percent higher than the direct 
current resistance; at 1,500 kilocycles (200 meters) this difference 
will be found to be 1 percent, and at 7,500 kilocycles (40 meters) 
it has increased to 17 percent. At this latter frequency the im- 
pedance of the smallest unit in the potentiometer itself (No. 36 
wire) will be about 6 percent higher than direct current resistance, 
and it is thus seen that the set cannot be used for these high fre- 
quencies without making a special frequency calibration of the 
potentiometer. Furthermore, at such high frequencies great care 
must be taken to make the switch parts and other metal parts of 
the potentiometer as small as possible in order to minimize shunt 
capacities to ground, which would make the current flowing 
through the potentiometer smaller than the current measured 
by the thermocouple. Of course, none of these objections arise 
in extending the range to frequencies below 600 kilocycles. 


SOURCES OF “A,” “В” AND “С” POWER FOR 
RADIO RECEIVERS* 


Ву 
WALTER Е. HOLLAND 


INTRODUCTORY 


The purpose of this paper is to describe the various present- 
day sources of “А,” “В” and “С” power for the operation of 
radio receivers and to indicate the advantages and disadvantages 
of each. It is too early for anyone to predict which of these 
sources will prove fittest ultimately and will come into most 
general use. It is the writer’s opinion that as long as the three- 
element vacuum tube remains the basis of radio there will con- 
tinue to be substantial fields for storage batteries and dry batter- 
ies as well as for battery substitute devices. Considerations of 
performance, practicability and cost will define the rightful fields 
of each in time. It is hoped this paper may help clear the ground 
so that each kind of power source may find its rightful application. 


“А” POWER SOURCES 


The storage battery, at first, was the only satisfactory source 
of current for filament heating, and as a 6-volt battery was called 
for it it is but natural that standard automobile starting-and- 
lighting batteries were used. These batteries are necessarily 
made with comparatively thin plates and plate insulators that 
they may be capable of delivering the high discharge currents 
needed to crank automobile engines. They were not designed 
for stationary use at low discharge rates and no special means 
to prevent spray coming out was provided or thought necessary. 
Such batteries were soon found to be generally unsuitable for 
radio use in the home. 

It will be a surprise to some to hear that the low-rate dis- 
charging and stationary use of batteries in radio “А” service are 
more wearing to the plates and harder on the battery than the 
high-rate discharging and vibration to which a starting battery 
is subjected. The low-rate discharging, especially when inter- 
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mittent, allows time for the electrolyte to diffuse in the plates 
so that relatively great useful ampere-hour capacity is developed 
and the active material of the plates is worked to a considerable 
depth instead of just at the surface. Each time the positive 
active material discharges to lead sulphate and is subsequently 
charged back to lead peroxide, the coherency of the active 
material structure is weakened and the active material is soft- 
ened, resulting eventually in a breaking up into non-coherent 
particles. The depth or amount of active material that is thus 
softened is directly proportional to the number of ampere-hours 
taken out of the battery on each discharge. At the high dis- 
charge rates of engine-cranking service a battery will deliver only 
a small fraction of the ampere-hour capacity that is actually 
present in the charged plates in the form of potential chemical 
energy and that can be realized on low-rate intermittent dis- 
eharge. It will thus be seen that a battery is self-protecting at 
high discharge rates, whereas at low discharge rates it can be 
drained ofits energy even to the point of injury. The high 
discharge rates of automobile service work only a very thin layer 
of active material at the surface of the plates and normally the 
operation of the саг keeps the battery close to the point of full 
charge all the time, which is good for the battery, provided it is 
not excessively overcharged at high rates. Тһе vibration in 
automobile service is also good for the battery as it helps the 
plates to free themselves of any short-cireuits which tend to 
form across the plate edges by accumulation of active material 
particles. 

Quite early the necessity for thick plates and thick plate 
Insulators or separators іп radio “А” batteries was seen and 
improved types having the general appearance of automobile 
batteries, were produced. Figure 1 shows a typical “А” battery 
of this kind as made today. 

The thick plates аге spaced and insulated with specially 
prepared thick ribbed-wood separators and between the ribbed 
side of each separator and the face of the adjacent positive plate 
is placed a slotted hard-rubber retainer. The function of this 
hard-rubber retamer is to hold the softened lead peroxide active 
material in расе on the plate and protect the wood from the 
harmful action of this strong oxidizer. Instead of the old com- 
bination of wood case and individual rubber jars, a strong, clean 
hard-rubber container, molded in one piece with three compart- 
ments, is used. Molded hard-rubber covers close the tops of the 
compartments and these are usually sealed in the container with 
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а special elastic sealing compound and at the cell posts with soft 
rubber gaskets so mounted as to be held under compression. 
The cells are cohnected in series by means of alloy-lead con- 
nectors, integrally welded to the posts, and convenient terminals 
are provided at the open posts of the end cells. Each cell is 
provided with a chambered vent cap which is removable when 
rotated a quarter turn. 


Figure 1—Radio “А” Battery 
with Charge Tester 


The battery shown in Figure 1 is equipped with a charge 
tester which is built into one of the vent caps. This charge tester 
consists of a small ball-type hydrometer which, when the rubber 
bulb at the top is squeezed and released, will indicate by the 
floating or sinking of the two wax balls of different densities the 
approximate extent to which the battery is charged or discharged. 
The tip of the charge tester extends into the battery to the mini- 
mum normal electrolyte level so that the tester also serves as a 
level indieator. If no solution is drawn up into the barrel of the 
tester when the bulb is squeezed and released, it is at once 
apparant that the solution level is low and water is needed. The 
particular merit of this form of tester lies in its convenience and 
the fact that it does away with the danger of acid dripping where 
it may do injury, which is always present with the conventional 
type of hydrometer. 

The battery is equipped with a bail handle for convenience 
in carrying because, in spite of the greater convenience of charg- 
ing at home and the simplicity and cheapness of present-day 
chargers, the fact remains that for one reason or another, a large 
number of users still carry out their batteries for charging. 
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With a well-designed vent cap and ample gas space above the 
electrolyte level, this conventional type of battery will keep 
quite clean and dry externally provided it is charged at suitable 
charging rates. Batteries of 120 ampere-hours capacity or larger 
may be safely charged with a 5-ampere charger, but the more 
common batteries of 50 to 100 ampere-hours capacity should be 
charged with a 2-ampere charger to give the greatest satisfaction. 
It is to be deplored that certain charger manufacturers are spend- 
ing their advertising money in an effort to tell people that 
2-ampere chargers are out of date and that rapid charging is 
desirable. Experience has shown the great advantage of slow 
charging as a means of preventing spray, extending the time a 
battery will operate without needing water and prolonging 
battery life. A 2-ampere charger is adequate to satisfy the needs 
of the vast majority of broadcast listeners; it is cheaper to buy 
and to maintain, and, in general, will prove more satisfactory 
in use than a 5-ampere charger. 

Battery and charger manufacturers have for some time 
advocated the use of switches or plugs and sockets permanently 
wired to the battery charger and radio set as a very convenient 
method of operating with batteries. Some manufacturers list 
suitable switches or plugs and sockets for making these perma- 
nent hook-ups. With such an arrangement the charging of a 
battery is reduced to the mere throwing of a switch or moving 
of a plug. Charging then becomes so easy that most users prefer 
to keep the battery well charged by charging frequently. The 
need for large capacity per discharge then disappears. This has 
led to the development of small “А” batteries having improved 
features which were impracticable in the larger batteries. Chief 
among these features is the use of a transparent container, 
molded out of glass, which makes possible the use of a built-in 
charge indicator and high and low solution level lines. Figure 2 
shows the construction of a 6-volt battery of this type. 

The three cells of this battery are mounted in separate com- 
partments of the one-piece pressed-glass container. The positive 
plates and the interior negative plates of each cell are mounted 
in pairs while the outside negative plates are mounted singly. 
This makes a balanced plate construction in which there are the 
same number of individual positive plates and negative plates 
per cell. By mounting the inner plates in pairs, the life advan- 
tages of exceptionally thick plate construction are realized and 
the number of plate separators is reduced to the minimum s0 
that the thickness of each may be made very great. The plates 
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are suspended from the molded hard rubber cover which rests 
on ledges molded in the jar walls. This does away with the 
necessity for ribs or plate rests in the bottom of the jar and makes 
it possible to use separators which extend well below the bottom 
of the plates and rest on the bottom of the container. 


FicurE 2—Radio “А” Battery 
with Built-in Charge Indicator 


The vertical edges of the positive and negative plates respec- 
tively are staggered or offset with respect to each other, while 
the width of the separators is such as to fill up the full width of 
the compartment after they have become expanded by the 
wetting with electrolyte. The very thick separators reaching 
to the bottom of the cell and extending beyond the staggered 
vertical edges and above the tops of the plates provide excep- 
tional security against the possibility of short-circuiting at the 
plate edges, due to ‘‘mossing”’ or ''treeing" of the active material. 

Each cover is provided with a novel type of filler-vent, which 
is designed to thoroughly drain the emitted gas of all acid spray 
so that nothing but clean, dry gas is given off. The cell posts 
are molded into the body of the hard-rubber cover, making a 
perfect liquid-tight joint and the covers are effectively sealed 
into the container with special sealing compound. The thor- 
oughly tight sealing and the spray-proof vents were designed 
primarily with a view to making a battery that could be used 
inside of a radio receiving set without subjecting the corrodible 
metal or other parts of the set to danger of injury from acid 
spray. The efficacy of the vent construction can be tested by 
anyone interested by placing litmus paper or copper gauze over 
the tops of the vents during a gassing charge of the battery at 
normal charging rates. Repeated tests of this character together 
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with the use of such batteries in close proximity to the inside 
works of radio receivers over а period of two years have com- 
pletely demonstrated the soundness of the design. The upper 
part of the vent is shaped like a funnel and the internal design 
is such that water may be added to the cells by pouring it into 
the funnel-shaped part without removing or loosening the vent. 
This has the advantage of eliminating the danger of acid drop- 
ping from a removed vent cap; and adding water through the 
vent cap also washes back any acid that may have tended to 
creep out of the vent openings. 

The charge indicator, visible through the glass at the end 
of the battery, removes the guess work from battery charging 
апа eliminates the sloppy hydrometer. The indicator consists 
of two wax balls of different densities mounted in a hard-rubber 
cage which limits the movement of the balls to a pre-determined 
visible range. The cage is designed to allow free circulation of 
acid about the balls and at the same time to protect them from 
becoming coated with particles of active material from the 
plates. The balls are placed one above the other in the cage, 
the ball of greater density, of course, being placed below the 
other. The balls are made different in color for identification 
in assembly. The heavier ball is white and has a specific gravity 
of 1.265, while the lighter ball is colored and has a specific gravity 
of 1.200. At full charge, the normal specific gravity of the 
battery electrolyte is 1.285, which, of course, will float both balls 
to the top of the cage. As the battery is discharged, the specific 
gravity of the electrolyte decreases, as is well known, and if the 
battery 18 discharged completely at a low rate, the electrolyte 
specific gravity will fall to approximately 1.160. During the 
discharge each ball will drop to the bottom of the cage as the 
electrolyte specific gravity falls below its specific gravity. The 
balls will drop at approximately 20 per cent. discharge and 75 
per cent. discharge, based on the useful capacity of the battery 
under average conditions of radio service. As the electrolyte 
specific gravity rises again during the recharge, the balls will 
rise one after the other and it will be known to the user that the 
battery is nearly up to the state of full charge when the second 
ball rises. For a complete charge the battery is kept on charge 
for about six hours at the normal charging rate after such time. 

In order to protect storage batteries against self-discharge 
and deterioration during shipment and storage, some manufac- 
turers have developed what are known as ''drynamic" or dry- 
charged batteries and are producing and shipping both “А” and 
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“В” batteries this way. The plates of these batteries are formed, 
charged and dried before assembly. The dry-charged plates are 
assembled with а special form of dry porous separator and made 
into complete batteries. Since the cells contain no free acid or 
moisture and are sealed, they may be kept indefinitely without 
deterioration or loss of charge. When the dealer sells a battery 
he simply fills the cells with the proper electrolyte. The battery 
is then immediately ready for use without charging and will de- 
liver from 60 to 80 per cent. of its rated capacity on the first dis- . 
charge. The battery works up to full capacity with subsequent 
recharging and use. By this method of shipment, the dealer is 
saved the expense and time involved in charging batteries before 
delivery and the user is sure of getting & fresh battery that has 
not deteriorated on the shelf. 

Since radio came in, the old and well-known scheme of mak- 
ing dry or non-spillable storage batteries has been revived and 
a number of both “А” and “В” batteries have come on the mar- 
ket with jelly electrolytes or with liquid electrolyte held in some 
form of absorbent filler. The chief objection to all such bat- 
teries is that the volume of active electrolyte is greatly reduced 
so that the battery capacity is also reduced. The free circulation 
and diffusion of the electrolyte is interfered with and resistance 
is interposed which causes increased heating of the battery dur- 
ing eharge. Such a battery usually requires water more often, 
due to the reduced volume of free liquid and the increased heat- 
ing. If the battery is allowed to run too long without adding 
water, the jelly or paste electrolyte may dry out to such an extent 
as to shrink and lose contact with the plates. When this hap- 
pens the battery may be permanently injured by continued use. 
Jelly electrolytes are apt to cause abnormal softening and expan- 
sion of the plate active materials, very often resulting in early 
failure of the battery. These facts are well known to experi- 
enced battery manufacturers. 

The storage battery suffers from an unreasonable prejudice 
against its use in some cases. Some people, usually not engincers, 
are almost superstitious about it and seem to consider complete 
battery elimination a goal to be reached at any cost. The storage 
battery probably inherits this prejudice by reason of the sloppi- 
ness and unsuitability for home use of early types. Also, until 
recently it has been necessary to give thought and go to some 
trouble to charge a storage battery, and few people like to mix 
thinking and trouble with their pleasures. These objections are 
completely met and the prejudice should be overcome by the use 
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for filament current of a small spray-proof battery of the im- 
proved design shown in Figure 2, combined with a small charger 
which is arranged to charge the battery automatically at a low 
rate during the time the radio set is out of use. Such a power 
unit is shown in Figure 3. 


FIGURE 3—‘A”’ Socket Power Unit 


The battery supplies filament current just as does any “А” 
battery during the operation of the set when the switch that has 
been developed especially for the purpose is thrown on to ON. 
With this switch in the ON position, the trickle charger within 
the unit is disconnected and alternating current is switched on 
to the receptacle shown at the bottom of the panel in Figure 3, 
thereby energizing a separate “В” power unit designed to be 
plugged into the socket when it is desired to use such a device 
in conjunction with the ''A" unit. 

When the switch on the “А” power unit is thrown to OFF, 
the battery current is switched off the filaments, the alter- 
nating current is disconnected from the socket which feeds the 
“В” power unit and is connected to the trickle charger which 
delivers direct current to the battery. The operation of the radio 
set is controlled by this switch altogether, the filament rheostats 
and switch of the set being left in operating position. 

The trickle charge rate may be adjusted to the conditions of 
use by means of three terminal taps marked “Low,” “Мед.” 
and “High” at the top of the charger. These taps and other 
internal details are shown in Figure 4. The charge indicator, 
visible through the round opening alongside the panel (Figure 3), 
shows whether the proper setting is being used. If the two balls 
of the indicator are found to be at the top of the opening at the 
beginning of the day's use of the radio set, the battery is being 
kept charged. If one ball is up and one down, or if both balls are 
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down at the beginning of the radio day, the battery is not being 
kept up as it should be. Then, even though there is no noticeable 
difference in the operation of the set, the next higher tap setting 
should be used. The charging rate corresponding to each tap 


FIGURE 4— Inside View of “А” 
Socket Power Unit 


setting are approximately: 0.2 ampere for “low,” 0.33 ampere 
for “medium” and 0.6 ampere for the “high” setting. The fol- 
lowing table shows the average hours per day sets having differ- 
ent numbers of No. 201-A tubes may be operated on each tap 
keeping the battery charged: 


Filament Cur- | Equivalent Number LOW Tap MED. Tap HIGH Tap 
rent, Amperes | of No. 201-A Tubes 0.2 Amp. 0.33 Amp. 0.6 Amp. 


.0 

.35 
.65 
.66 
.02 
.97 
.24 
.00 


It is obvious that a power unit of this type must be kept con- 
nected to the house socket at all times, except when the radio 
set is to remain out of use for a week or more, in which case it is 
advisable to pull the attachment plug from the house socket. 
The trickle charging rates are so low that the battery will not 
he harmed by continued overcharging for days or weeks at a 
time without being used, but it is best to avoid such extended 
overcharging in order to save current and not to use up unneces- 
sarily the water in the battery. Ordinarily the battery, due to 
the special design and the. low-rate charging, will need water only 
once in three or four months. Water is then added to each of the 
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three cells through the funnel-shaped vent cap to bring the level 
to the upper or high level line molded in the glass case. 

Figure 5 shows the voltage characteristic of a 30-ampere- 
hour battery trickle charged at 0.33 ampere, 20 hours per day 
and discharged at 1.5 ampere, 4 hours per day, compared with a 
120-ampere-hour battery discharged at 1.5 ampere, + hours per 
day following a full charge. The trickle-charged battery has a 
voltage peak lasting about five minutes at the beginning of each 
discharge period. During the remainder of the 4 hours, the volt- 
age is very steady, dropping less than 2 per cent. The maximum 
voltage variation 1s from 6.6 to approximately 6.0 volts, a varia- 
tion so small as to make filament rheostats unnecessary. 
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FIGURE 5 


It will readily be seen that this type of “A” power unit is 
applicable to all existing sets using 5-volt tubes with the filaments 
in parallel. No adaptation or compromise of the circuit is neces- 
sary and the radio manufacturer may sell exactly the same set 
for operation with batteries and from the light socket. Since 
the alternating current is entirely disconnected from the battery 
and charger during the periods of use of the radio receiver, all : 
possible complications Бу which the alternating current or the 
charger might cause a hum to be heard are avoided. Ву trickle 
charging at low current rates during the off periods, the size of 
the charger is kept to a minimum and the battery is charged in 
the best possible manner without gassing or heating. 

“А” power units have been proposed in which the charger 
provides sufficient current to light the filaments and some extra 
current to keep the battery charged, the method of operation 
being that the charger is switched on only during the time the 
radio set is in use and both charger and battery are disconnected 
from the line during the periods of non-use. By this method the 
battery floats in shunt with the charger and load, where it acts asa 
smoothing device to keep down the peaks and fill up the valleys of 
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the pulsating rectified current. With this system there must be 
some method of regulating the charging rate so that it is always 
a little higher than the current taken by the filaments and the 
charger must necessarily be comparatively large. Even if such а 
system would furnish current of a character to give hum-free repro- 
duetion of good quality, which it usually will not do, the use of the 
system is likely to subject the tube filaments to a higher voltage 
than is good for them, owing to the fact that the charging cur- 
rent passing through the battery will cause the voltage to rise. 
Figure 6 shows this graphically in the case of a 6-volt, 30-ampere- 
hour battery connected to a filament load of 1.5 amperes and to 
a charger delivering 1.8 amperes. The periods of use were 4 
hours per day, and it will be noted that the voltage is quite vari- 
able throughout the greater part of each period, rising from 6.4 
to 7.0 volts. 
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FIGURE 6 


With the coming of the high-efficiency tubes, WD-11 and 
UV-199, the dry primary battery, which hitherto had figured as 
a source of “В” and “С” current only, entered into extensive use 
as an “А” source. The fact that this battery is non-spillable and 
can be placed inside of a set in any position are advantages which 
go a long way toward offsetting the relatively high cost of fre- 
quent replacements. It has not proven practicable to make dry 
cells larger than the common 6-inch size, and while this cell has 
proven quite satisfactory for sets having only a few tubes, it has 
decided limitations as a source of filament current for sets hav- 
ing six or more tubes. The 6-inch cell does not deliver satisfac- 
tory voltage and capacity if discharged at a rate higher than 
0.25 ampere per cell, and preferably the rate should be kept be- 
low 0.2 ampere per cell. Where the filament current runs higher 
than this, it is necessary to add paralleled groups of cells. 

One of the advantages of dry cells that has been much talked 
of is the convenience of replacement as compared with storage 
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battery recharging. This advantage disappears and the con- 
venience, in the writer's opinion, must be conceded to the storage 
battery when the filament requirements are such that 9 to 12 
six-inch dry cells grouped in series-parallel must be used, neces- 
sitating the loosening and remaking of 18 to 24 terminal connec- 
tions cach time the cells are replaced. 

One of the serious problems in connection with dry-cell bat- 
teries seems to be that of getting fresh cells or batteries to the 
user. Slow self-discharge commences to take place in a dry cell 
as soon as it 15 made, and much of the dissatisfaction with dry- 
battery operation Is, no doubt, due to the use of cells which have 
deteriorated while standing in stock. 
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FIGURE 7 

Figure 7 shows the voltage characteristics of three fresh 6- 
inch radio-type dry cells of a representative kind in comparison 
with a 15-ampere-hour, 2-cell storage battery which occupies 
somewhat less space than the three dry cells. This little storage 
battery is shown in Figure 8. The storage and dry batteries were 
discharged in series at 0.2 ampere, 4 hours per day, and voltage 
readings were taken at the beginning, middle and end of each 
discharge period. The curves are drawn so that the vertical 
width represents the variation in voltage from the beginning to 
the end of the daily 4-hour discharge periods while the slope of 
the curve shows the gradual falling off of voltage during the 
eomplete discharge сусе. 

For more than 0.2 ampere of current, additional groups of 
dry cells should be connected in parallel to keep the discharge 
rate per cell below this figure. Even when this is done, the volt- 
age variation during a daily diseharge period and from the begin- 
ning to the end of the discharge cycle 1a so great as to necessitate 
the re-setting of filament rheostats. The small storage battery, 
on the other hand, has good voltage characteristics at discharge 
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rates as high as 0.75 ampere and a single battery will satisfac- 
torily operate sets having 8 ог 10 No. 199 tubes. The storage bat- 
tery, however, would have to be recharged more often than the 
dry cells would have to be replaced, since its ampere-hour 
capacity is less than that of a single group of three dry cells. 


Ғісеве 8 — Four- Volt 
Storage Бао with 
Built-in Charge Indicator 


The charging, however, is taken care of automatically when such 
a battery is combined with a suitable trickle charger and switch, 
as is done in the combination “А” and “В” power unit shown 
in Figure 9. 

This unit supplies pure battery current at 4 volts for receiv- 
ing sets having 3-volt tubes, and when the tubes are turned off 


Figure 9—Combination “А” and "B" 
Socket Power Unit for 3-Volt Tubes 


by means of the special switch on the power unit, the battery 
automatically replenishes itself through an electrolytic trickle 
charger. Three taps inside the housing, marked “Low,” “Мед.” 
and "High," permit of adjusting the trickle charge rate to the 
conditions of use, hand the carge indicator in the battery, visible 
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through an opening in the front of the housing, shows at a glance 
whether or not the battery 18 being kept charged. 

The following table shows the average hours per day sets 
having different numbers of No. 199 tubes may be operated on 
each tap keeping the battery charged: 


Filament Cur- Equivalent Number! LOW Tap MED. Tap | HIGH Tap 

rent, Ашрегс» of No. 199 f No. 199 Tubes, 75 М.А. 125 М.А М.А 
0.06 1 №. 199 12.6 | 15.6 18.0 
0.12 2 No. 199 5.60 11.6 14.4 
0.1* 3 No. 199 6.52 9.20 12.0 
0.24 4 No. 199 5.23 7.64 10.3 
0.30 5 Хо. 199 4.38 6.53 9.00 
0.36 | 6 No. 199 3.76 5.70 8.00 
0.42 7 No. 199 3.30 5.04 7.20 
0.45 | 8 No. 199 2:94 4.54 6.55 
0.54 | 9 No. 199 2.65 4.12 6.00 
0.60 10 No. 199 2.40 3.77 5.54 


Special chargers of both the Tungar bulb type and electro- 
lvtie туре have been developed and applied very successfully to 
trickle charging purposes. The bulb type has the advantages 
of compactness and being without liquid while the electrolytic 
type has better efficiency and longer life at the low current rates 
usually used. Figure 10 shows the alternating current input 
in watts at different charging rates for bulb and electrolytic 
type trickle chargers designed for use with 6-volt batteries. 


Input Watts АС. 


0 50 * 100 150 200 250 300 
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The difference in current consumption in favor of the electro- 
Ivtic type is often sufficient to pay the cost of all rectifier cell 
renewals, The exeess current consumed by the bulb type charger 
is accounted for principally as eathode-heating current. It will 
he seen that the two curves converge toward each other as the 
charging rate increases and at the higher current rates the bulb 
гуре charger would seem to have the advantage especially as the 
electrolytic type becomes bulky and requires the addition of 
water rather frequently at current rates above 0.75 ampere. 
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Figure 11 shows & similar comparison of the input watts for 
bulb type and electrolytic trickle chargers designed for use with 
small 4-volt batteries. At the very low trickle charge rates 
applying to receiving sets having the so-called dry-cell tubes, 
the electrolytic rectifier seems to have the advantages very 
much in its favor as regards both efficiency and life. 
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Among the methods proposed for heating filaments without 
the use of а battery may be mentioned the direct use of alter- 
nating current in the filament with a voltage-dividing connec- 
tion and the use of a special type of tube having а cathode which 
is heated indirectly by conduction or radiation from a separate 
heating element carrying the alternating current. Neither of 
these devices has reached the practical stage as yet. There is 
little doubt that. а tube using alternating current for indirect 
heating of the cathode will be developed and made practical be- 
fore long, but there is good reason for thinking the performance 
of such tubes will not fully equal that of present types. Even if 
such tubes do come in and can be made to sell at а reasonable 
price, there will still remain a large field for battery-operated 
tubes in the homes which are not supplied with electric current. 

With special circuits in which, as & rule, the tube filaments 
are all connected in series, some receiving sets are now being 
operated more or less successfully from alternating current by 
means of rectifiers and smoothing filters. With the small cur- 
rent required by No. 199 tubes in series, the problem is fairly 
simple, but for larger currents, even for that required by No. 
201-À tubes with the filaments in series, there are numerous 
difficulties which have seemed almost insurmountable. How- 
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ever, the comparatively recent development of a reliable 
lived electrolytic rectifier, capable of efficiently delivering th 
relatively large currents required, has altered the кй: ii 
opens up new possibilities. Figure 12 shows several sizes of the 
rectifier cells referred to. 

These rectifier cells employ aluminum as the film-forming or 
rectifying electrode, but it is only in this respect that they re- 


Ғіогве 12— Philcotron Electrolytic 
Rectifice Cells 
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semble the unreliable aluminum-lead rectifier cells which have 
been a laboratory curiosity for many years. No lead is used in 
these cells. An anode of a special corrosion-resisting alloy is used 
instead with much benefit. The greatest improvement, however, 
results from the use of a new electrolyte solution. Even the 
aluminum electrode has been improved both chemically and 
physically. The result is a thoroughly-dependable, efficient and 
long-lived rectifier cell having exceptionally good characteristics 
for radio work. Из onlv disadvantage of any consequence 18 
that it contains liquid. Chemically. however, this liquid is very 
mild and much less likely to cause damage than many other 
liquids used in the household. Ink, for example, has much 
greater potentialities for harm. Not a single case of damage by 
the solution has been reported during the more than two years 
that this electrolytic rectifier has been used extensively in radio 
battery chargers. The good electrical characteristics, the de- 
pendability and the inexpensiveness of this rectifier far outweigh 
the more or less sentimental objection that it contains liquid. 


“В” POWER SOURCES 

The dry “B” battery was originally the only source of plate 
current. With the increasing use of multi-tube receiving sets 
demanding heavier plate currents, dry “В” batteries have 
steadily been increased in capacity and size. Some of the original 
small “B” battery units would not be considered large enough 
for use as "C" batteries today. With increased volume of pro- 
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duction, the dry-battery manufacturers have been able to reduce 
prices until the largest size 30-cell unit of today may be pur- 
chased for less than the price of а comparatively small unit 
formerly. 'This saving, however, has been offset by the grow- 
ing tendency to use three instead of two “В” battery units as 
standard, and the dry “В” battery remains a relatively expen- 
sive, although very convenient, source of current. 

Besides being convenient, dry “В” batteries have the ad- 
vanatge of being clean, non-spillable, and capable of being used 
in any position. | | 

The problem of getting fresh batteries to the user is even 
more troublesome with dry “В” batteries than with dry “А” 
cells, since the self-discharge in small cells goes on at a greater 
rate in proportion to their capacity. One of the chief reasons 
for the development of larger “В” batteries has been to provide 
a margin of capacity to partially offset shelf-deterioration. 

The internal resistance of any battery increases as the dis- 
charge progresses. The internal resistance of dry batteries is 
comparatively high, even in fresh batteries, due to the nature of 
the materials used and to the large number of cells that must be 
connected in series for the required plate voltages. The internal 
resistance increases as the discharge progresses and the high 
resistance of old batteries seems to be responsible for certain 
imperfections in the radio reproduction with some types of re- 
ceiving set. Certain frying or crackling noises have also been 
attributed to corroded or loose connections within dry “В” bat- 
teries. It is the writer's opinion that the amount of trouble from 
this cause has been greatly overestimated and that most of the 
noises for which dry batteries have been blamed has been merely 
static or local electrical interference of some sort. 

As in the case of dry “А” batteries, the voltage of dry “В” 
batteries is quite variable both from the beginning to the end 
of & daily period of use and from the beginning to the end of the 
useful life of the battery. This is especially true when the plate 
current required by the set is above the average. Figure 13 
shows graphically the voltage characteristics of a representa- 
tive large so-called 45-volt dry “В” battery in comparison with 
20-cell and 24-cell units of storage “В? battery when discharged 
at 25 milliamperes, 4 hours per day. This test schedule is un- 
doubtedly in excess of average service requirements. However, 
it represents & requirement which has to be met in thousands of 
homes in every city and is well below maximum requirements 
both as to current rate and time. 
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The vertical width of each curve represents the dropping of 
voltage during the daily 4-hour discharge periods, while the slope 
of each curve shows the falling off of voltage during the discharge 
cycle or useful life. It will be noted that the dry battery falls 
away from the nominal 45-volts quite early, showing the fallacy 
of rating this battery in terms of its initial voltage. The storage 
battery gives fairly constant voltage during the greater part of 
the discharge. It will be seen that the 20-cell storage battery 
unit which nominally, as storage batteries are rated, is a 40-volt 
battery, actually has somewhat higher average voltage than the 
so-called 45-volt dry battery unit. Most radio engineers are 
aware of this discrepancy between the nominal and actual volt- 
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FIGURE 13 


age of the dry battery and are designing sets for operation at 
average dry battery voltages rather than at the initial or nom- 
inal voltages. It is not surprising, therefore, that a storage 
“В” battery, made up of 20-cell units, often gives better results 
than the higher voltage storage battery made up of 24-cell units 
which has been commonly used heretofore. 

Storage “В” batteries give excellent results, due to their good 
voltage characteristics and low internal resistance, but thev are 
considered objectionable by persons who do not understand their 
charging and саге. Early. types also were sloppy, bulky and 
inconvenient to charge and use. "These objections have been 
largely overcome by improved battery design and the develop- 
ment of convenient chargers. Figure 14 shows a 40-cell storage 
battery unit made up of square cells of 3,000 milliampere-hours 
‘праеЙу. А similar unit is made with cells of 6,000 milliampere- 
hours capacity having the same overall width and length but 
greater height. 

The use of the square jars with square sealed covers in the 
place of round jars with threaded tops and screw covers elimin- 
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ates waste space both between and within the cells, making the 
battery more compact. Sufficient acid space is provided above 
the tops of the plates so that the cells may be used а full year 
under usual conditions without adding water and the design is 
such that water may be added conveniently by pouring it ш a 
depression in the cover. Charge indicators similar to those used 
in the small glass-container types of “А” battery are built into 
certain front cells so that the state of charge or discharge of the 
battery is indicated visibly. "The battery unit is provided with 
Fahnestock terminals conveniently located at the front. 

Among the many “В” battery substitutes or eliminators that 
have come on the market during the past year а few stand out 


Figure 14—40-Cell Unit of Storage 
“В” Battery 


as being successful. These power units all operate on the same 
general principle and consist essentially of а transformer, a recti- 
fier and a smoothing filter. The chief differences among different 
units are in the kind of rectifier and the details and size of the 
smoothing filter. The electrical principles upon which these 
battery substitutes are based are well known to radio engineers 
and will not be discussed at length in this paper. 

It seems to be important to use a type of rectifier which will 
pass uniformly-undulating current with a minimum of irregu- 
larities or harmonics, and the gas-filled, hot-cathode bulb which 
is so commonly used in battery chargers does not seem to be well 
adapted to this purpose. Two general types of rectifier, namely, 
the vacuum tube and the electrolytic types, have proven most 
successful. The tube rectifiers used are either of the true ther- 
mionic valve type or of the cold-cathode gas-filled type. 

Tube rectifiers have the advantage of being compact, dry and 
clean. They have had the disadvantage in the past of short life, 
but undoubtedly the life of the new types recently placed on the 
market will prove satisfactory. The most serious disadvantage 
of tube rectifiers, whether of the heated or unheated-cathode 
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type, is their high internal resistance or impedance which neces- 
sitates the use of a high-voltage transformer. The current con- 
sumption is, therefore, relatively high, and usually at least 80 
per cent. of it goes to generate heat in the rectifier tube itself. 
Due to this high impedance characteristic, the voltage of the 
rectified current will vary greatly with changes in the load cur- 
rent unless some special regulation is provided such as a poten- 
tiometer resistance or a regulator tube. Such regulators, of 
course, increase the current consumption of the device and add 
to the already-high heat losses, necessitating adequate venti- 
lation. 

Two types of electrolytic rectifier are used in “В” power units, 
one using tantalum as the film-forming or rectifying electrode, 
the other using aluminum. The electrolyte is sulphuric acid in 
the tantalum rectifier and & solution containing several sub- 
stances, chiefly salts, in the aluminum rectifier. The tantalum 
rectifier in its present stage of development will stand only a very 
limited voltage per cell and іп а 90-уо “В” battery substitute 
it has been found necessary to use not less than six cells in series 
for half-wave rectification. The aluminum rectifier will stand at 
least three times as much voltage per cell as the tantalum recti- 
fier, so that only two cells need be used in series for half-wave 
rectification under the same conditions. However, there is 
always some danger that cells in series, connected for half-wave 
rectification, will not start rectifying at the same moment after 
8 period of idleness, so that the one cell may take the ful] voltage 
which should be divided up equally among the cells in the series. 
When this occurs, the one cell which is taking practically all the 
load may overheat and break down, thus throwing an excessive 
load on the remaining cell or cells with probable injury to them 
also. 

À single aluminum rectifier cell may be used for half-wave 
rectification to charge “А” batteries or 24-cell “В” batteries 
from a 115-volt secondary orline. In this case, the battery volt- 
age is in series with the supply voltage on the suppressed half- 
wave which tends to break down the rectifying film so that the 
film has to withstand & voltage peak of 115 times 1.41 plus 60 
volts, or approximately 220 volts. However, when used in com- 
bination with the usual smoothing filter, a single aluminum cell 
should not be used on an alternating current supply voltage 
higher than 75 volts. The reason for this is that the condensers 
of the filter circuit charge up to а voltage approaching the peak 
voltage of the alternating current supply and on the suppressed 
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halí-wave this condenser voltage is in series with the transformer 
or supply voltage. In this case, the voltage tending to break 
down the rectifying film would approach 75 times 1.41 times 2, 
or about 230 volts. 

For direct-current potentials up to 135 volts in “В” power 
units, it has been found desirable and practicable to use four 
aluminum cells connected in а so-called bridge circuit for full- 
wave rectification, using а transformer designed to give а second- 
ary voltage of 150 r.m.s. volts on open circuit. This transformer 
voltage must not be exceeded. The perfected aluminum cells 
referred to in this paper will operate satisfactorily and dependa- 
bly under such conditions. The loss of voltage in the rectifier 
cells themselves is so small that 135 volts may easily be obtained 
at usual loads provided the choke coils used in the smoothing 
circuit have not more than 700 ohms resistance. 

Aluminum rectifier cells should never be used with a center- 
tap transformer connected for full-wave rectification in the man- 
ner that is common with tube rectifiers. Even with tube recti- 
fiers there is а possibility of trouble from unbalancing of the load 
in such а circuit and there are also good possibilities of burning 
out the transformer in case of short-circuit in one of the rectifiers. 

Figure 15 shows a hook-up that is being used very successfully 
tosupply both “А” and “В” power from the lamp socket under 


78” Rectifier 


Ficure 15 


the control of one switch. The bridge hook-up of four aluminum 
rectifier cells referred to above is shown in this diagram. The 
entire “А” and “В” supply may be built into a radio receiver 
or a combination power unit such as that shown in Figure 9, 
ог the “А” and “В” parts may be built into separate units de- 
signed to be used either separately or in combination. Figure 
16 shows a separate “В” power unit embodying the full-wave 
rectifying system and filter circuit shown diagrammatically in 
Figure 15. The four small aluminum rectifier cells used in this 
unit are designed to snap into special sockets in just one way 50 
that wrong connections cannot be made. One set of four costing 
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no more than а full-wave rectifier tube will operate at least 2,000 
hours in average “В” service without any attention whatever. 
They are so designed that water need never be added. Re- 
placement cells as well as the original cells &re shipped filled and 
corked, ready for immediate use when the corks have been re- 
moved and the cells snapped in place of the old ones. There 
are no delicate parts in these rectifiers and no particular accuracy 


FicvRE 16—“В” Socket Power Unit 


of manufacture is required, so that there is very little chance of 
defectives. 

The lamp protector used in the primary circuit of the trans- 
former which feeds the ‘‘B”’ rectifier cells, as shown in Figure 15, 
is an important element of this “В” power unit. This protector 
consists of а standard 115-volt Mazda lamp and its prime func- 
tion is to protect the rectifier cells and transformer against over- 
load in starting up after & period of idleness as well as when the 
rectifier cells ultimately break down and pass alternating cur- 
rent. The lamp also serves as a protection in case of short-circuit 
anywhere in the “В” unit and limits the current obtained at the 
terminals on short circuit to а value which will not burn out tube 
filaments if connected to the “А” terminals of the set. The 
short-circuit current is great enough to burn out one No. 199 
tube or even two connected in parallel; but the owner of a set 
having not more than two such tubes surely would not be using 
a "B" power unit. Standard tungsten lamps have been found most 
suitable for the protector on account of their very high resistance- 
temperature coefficient and also because they offer a convenient 
means of adjusting the direct current output voltages when 
required for receiving sets which draw an exceptionally small or 
exceptionally large plate current. Usually а 40-watt or 50-watt 
regular Mazda lamp is shipped with the outfit. By changing to 
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a smaller or larger lamp, the voltage applied to the transformer 
primary is lowered or raised with à corresponding effect on the 
output voltage. Normally, the filament of the protective lamp 
is only heated enough to be just visible and the voltage drop 
therein amounts to only a few volts. In starting up after a period 
of idleness, however, the lamp burns brightly and the voltage 
drop in it is high, so that only a low voltage reaches the trans- 
former primary during the few seconds that is required for the 
film to re-form on the rectifying electrodes. By this means, the 
initial current which passes through the rectifier cells and the 
starting load on the transformer are very greatly reduced. The 
same thing occurs and the same protection is afforded ultimately 
when the rectifier cells become worn out. The continued bright 
burning of the lamp at any time is a signal of non-rectification, 
wrong connections or trouble. 

Figure 17shows the voltage characteristics at the /135-Volt +” 
post using different lamps in the socket in the primary cir- 
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FIGURE 17 


euit. The highest curve was made with a fuse in the socket for 
the purpose of showing the voltage characteristic with no re- 
sistance in the primary circuit. But the regular use of the power 
unit with a fuse in the socket cannot be recommended; in fact, 
the 50-watt Mazda "C" or gas-filled lamp is the largest that 
should be used under any circumstances. Where a change of the 
lamp shipped with the outfit is required, it is usually to a smaller 
rather than to a larger size. 

Referring again to Figure 15, it will be noted that a fixed 
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resistor is used to bring down the high voltage to detector voltage 
while a variable resistor is used to provide 45 to 90 volts or more 
at a second amplifier post, which will be referred to as the “В 
Amp. +” post. 

Figure 18 shows the variation in voltage obtainable with dif- 
ferent loads up to 50 milliamperes at the “В” Атр. +” post with 
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FIGURE 18 


a constant load of 6 milliamperes in addition at the ':135-Volt +” 
post. These curves were made with а 50-watt regular Mazda 
lamp in the primary socket. Any voltage within the shaded 
area may be obtained, over the large current range shown, by 
adjustment of the variable resistor which is connected between 
the ''135-Volt --" post and “В Атр. +” post. 

In a unit designed to operate with “hard” detector tubes, 
the detector voltage may be regulated by means of a fixed re- 
sistor to a value of 25 to 35 volts. This has been found by prac- 
tical tests of many radio sets to be the best compromise detector 
voltage although with most sets using “hard” detectors the volt- 
age may come anywhere between 20 and 40 volts without affect- 
ing the results appreciably. With ''soft" or gas-filled detector 
tubes the case is different, and if it 1s desired to make a “В” bat- 
tery substitute that will satisfactorily operate sets using “soft” 
detectors, it is necessary to provide means for adjusting the 
detector voltage closely to a particular value somewhere between 
15 and 20 volts. 

Figure 19 shows characteristic curves of a full-wave electro- 
lytic “В” power unit designed to give 90 volts at a load of 40 
milliamperes or less in comparison with representative “В” 
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power units using full-wave and half-wave tube rectifiers. The 
filament adjustment provided in the half-wave tube unit was set 
to give the normal 5 volts at the filament during the test run. 
No filament adjustment was provided on the full-wave tube out- 
fit. The very high output voltages of tube-type outfits at low 
current rates often paralyze the radio tubes so that no sound is 
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heard and the user thinks that the outfit is not operating. Such 
high-plate voltages, of course, are very damaging to radio tubes 
having thoriated or coated filaments. The voltage can be re- 
duced to & certain extent by filament adjustment when hot- 
cathode rectifying tubes are used, but it is rather too much to 
expect of the average user that he will know by the quality of the 
reproduction whether or not he is using a plate voltage that will 
seriously endanger his radio tubes. With the electrolytic power 
unit the maximum open-circuit voltage is only about half that 
of the average tube-type unit and the voltage at low current 
rates can readily be brought down to any predetermined fixed 
value by the use of a small lamp in place of a 50-watt lamp in the 
primary circuit. 
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The relatively high transformer voltages that must be used 
with high-impedance rectifiers, such as thermionic and cold- 
cathode tubes, subjects the condensers of the filter circuit to a 
severe strain, and it has been a problem to make condensers at 
a reasonable cost that would stand up in such service. The use 
of low-impedance electrolytic rectifiers with the comparatively 
low-voltage transformers thereby made possible solves the con- 
denser problem by removing the excessive strain. 

Figure 20 shows the alternating-current watts input in rela- 
tion to the direct-current load for electrolytic and tube-type 
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“B” power units of the full-wave type. The greater current con- 
sumption of the tube-type unit is accounted for by the filament- 
heating current and the losses due to the high plate-filament 
impedance of the tube. With regulator or ballast tubes added, 
the current consumption of the tube-type unit would be con- 
siderably greater than is shown in the curve. 


“C? VOLTAGE SOURCES 


There is some demand for the elimination of “C” batteries, 
especially where the new UX-120 tube is used in the last audio 
stage requiring 2212 volts grid bias. The necessary negative 
voltage can be incorporated in a battery substitute circuit and 
used successfully where the receiving circuit is adapted to it. It 
is a question, however, whether battery biasing is not simpler 
and better. 

The writer's experience with dry “С” batteries has been that 
at least one year’s life can be expected of even the smallest of 
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them and that they are no trouble to replace. Certainly there 
is no need for а storage battery in this service and little need for 
the complications involved іп “С” battery elimination. 

It is unfortunate that the little but important “С” battery 
is sometimes mounted underneath the receiving set or stowed 
away in some inaccessible place. It is not strange that in such 
cases the user often fails to renew the “С” battery; that he in 
fact does not know there is such a thing until eventually he calls 
in a service man to find what is the matter with the set. It would 
seem to be good business to place the “С” battery in plain sight 
inside the set with a special instruction card close by it stating 
that it must be replaced once a year. 


CoNCLUDING REMARKS 

Rectifiers and smoothing filters, which are the basis of all 
present battery substitutes, are very old devices and were used 
even in combination long before the days of radio. The old Ger- 
man patent to Koch and Sterzel, dated December 5, 1906, showed 
such а combination. The successful application of the idea to 
radio awaited only the development of a suitable rectifier. 

There does not seem to be anything very complicated about 
the design and action of & smoothing filter, notwithstanding the 
mass of mathematics in the literature on the subject. The con- 
densers appear to act simply as storage tanks which receive the 
impulses of rectified current and deliver current of smoother 
form. The choke coil appears to act as a fly-wheel, or perhaps 
we should say as a turbine having a fly-wheel, which tends to 
keep the current flowing smoothly in one direction. А double- 
section filter consisting of two choke coils and three main con- 
densers seems to be more economical of material for a given re- 
sult than & single-section filter consisting of one larger choke coil 
with two larger condensers. Good smoothing can be obtained 
either way. The important thing seems to be to have ample 
choke coil inductance and condenser capacity. 

Naturally, the continuous succession of current ripples from 
a full-wave rectifier is easier to smooth out than the separate 
surges of current from a half-wave rectifier. Half-wave rectifi- 
cation necessitates a larger smoothing filter than full-wave recti- 
fication for satisfactory results as to hum elimination. Even 
when no real hum is produced, the use of a half-wave type power 
unit will often cause a low gurgling or fuzziness in speech or solo 
voice reproduction, apparently due to current undulations or 
irregularities at a frequency below the audible range. This form 


372 HOLLAND: SOURCES OF "A," “В,” AND “С” POWER FOR RADIO RECEIVERS 


of distortion may not be noticed by the average listener, but it is 
very objectionable to the critical ear. 

Some radio receivers, notably radio-frequency loop sets hav- 
ing one or more reflexed stages, are difficult to operate without 
hum on ап ordinary “В” battery substitute and require some 
special provision for grounding to eliminate the hum even when 
the best of smoothing filters is used. In other cases, the receiving 
set is very sensitive to magnetic induction by the transformer 
of the power unit, so that the power unit must be placed at a dis- 
tance from the set, or very heavy shielding must be used. Close 
cooperation between the set manufacturer and the power unit 
manufacturer can be the means of eliminating these exceptional 
difficulties and should bring about a simpler and better use of the 
principles embodied in present socket power units. 


SUMMARY: This paper describes and gives characteristics of the various 
present-day sources of “А,” “В,” and “С” power for radio receivers, namely, 
storage batteries, dry primary batteries, trickle-charge power units and bat- 
tery substitute devices. 

'The development of radio storage batteries from the earliest types up to 
the highly-specialized radio “А” and “В” batteries of today having built-in 
charge indicators, visible water level and spray-proof construction is traced 
and information is given on “А” socket power units containing such batteries 
in combination with newly-developed trickle chargers. 

Announcement is made of a perfected aluminum electrolytic rectifier. 
“В” battery substitutes embodying this rectifier are described and their elec- 
trical characteristics are given. Rectifiers and smoothing filters generally 
and their application to radio uses are discussed. 


DIRECTION DETERMINATIONS OF ATMOSPHERIC 
DISTURBANCES ON THE ISTHMUS OF РАХАМА* 


Bv 
L. W. AUSTIN 
LABORATORY FOR SPECIAL RADIO TRANSMISSION RESEARCH 


Conducted Jointly by the Bureau of Standards and the American Section of 
the International Union of Scientific Radio Telegraphy. 


It has long been known that atmospheric disturbances in 
general originate over land rather than over the ocean. It is also 
known that the sources of the tropical disturbances seem to follow 
the sun in its changing path between the northern and southern 
hemispheres. ! 

It was therefore to be expected that during the winter in 
Panama (10° north), the atmospheric disturbances would come 
chiefly from the mainland of South America, while in summer 
they might be expected to come from the direction of Central 
America and Mexico. In addition, during the rainy season, it 
could be assumed that there would be a considerable amount of 
local disturbance generated in the low mountain chain which forms 
the backbone of the isthmus. It was not known, however, 
whether these local disturbances would outweigh those coming 
from the larger land masses. 

During February and March, 1925, I made directional obser- 
vations on the atmospheric disturbances at frequencies of 21.4 
and 15 ke. (14,000 and 20,000m.) in the U.S. Naval radio receiv- 
ing stations at Balboa and Colon, at the two ends of the Panama 
Canal. The measurements were afterward continued by the 


personnel of the two stations. 
The method used in the measurements was first. described 


in 1920.? 


DeGroot, THE PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, vol. 
9, page 75; 1917. Goldschmidt and Braillard, La T. N. К. au Congo Belge, 
Hayez 112, Rue de Louvain Bruxelles, 1920. Austin, Journ. Franklin Insti- 
tute, p. 619: 1921. Round, Eckersley, Tremellen & Lunnon, Journ. I. E. E. 
(London), «oi. 63, page 62; 1925. 

*Received by the Editor, April 11th, 1926. Published by permission of 
the Directors of the National Bureau of Standards of the Department of Com- 
merce. 

*'Austin. Journ. Franklin Institute, page. 619; 1921. 
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The apparatus shown in the figure consisted of an 8-ft. 
(2.44-m) coil antenna with 48 turns, which was combined with 
a small single-wire antenna to form a unidirectional receiving 
combination. In the measurements the general direction was 
first found by rotating the coil and adjusting the antenna coup- 
ling and resistances until the disturbance maximum was obtained 
with the antenna reversing switch S thrown in one direction, and 
the minimum when it was thrown in the other. The absolute 


A, Я? = 5000-20000 hms 
Ж,” ZOO - [ООО ohms receiver 


FIGURE 1 


direction in which signals were strengthened with the switch in a 
certain position was determined by observations on a transmit- 
ting station in à known direction. When the general direction 
had been determined, the coil was turned approximately at right 
angles to the indicated disturbance direction; the switch S was 
then rapidly reversed, the coil being at the same time slowly 
moved until the position was found in which the sound of the dis- 
turbances in the telephones was of the same intensity with the 
switch in its two positions. In general there were a certain num- 
ber of degrees on the coil scale over which the sound equality was 
maintained. The center of this zone of equality was the scale 
reading for which the coil was at right angles to the average dis- 
turbance direction, since in this position the coil was inactive, the 
whole reception being from the antenna. Ву this method good 
readings can be obtained when no direction at all can be ob- 
served on the coil antenna alone. | 

The Table shows the results of the observations from Febru- 
ary to November, 1925. Those taken from February to 
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the end of June were made by observers who had received 
personal instruction in the method of measurement and are con- 
sidered more reliable than those taken later. Owing to changes 
in the personnel of the stations, the work was apparently entirely 
interrupted during July and August. During the months in 
which accurate measurements were generally possible, the 
bearings in the table are given in degrees, During the more dis- 
turbed periods the directions are only roughly indicated. 
DIRECTION OF ATMOSPHERIC DISTURBANCES AT BALBOA AND COLON 
FEBRUARY TO NOVEMBER, 1925 
BALBOA COLON 


All (120?-130?)** 
All (130?-140?) 
All (120°-140°) 


АЙ (120°-145°) 

All (130°-145°) 

АН (120°-140°) 

2 NB, 14 SE 
3 SE 

| All SE 


All SE 
All SE 


АП (1259-1359) | 


ооо 
LLD | LDA 


coo 
Mita 
mimi mm 


бос 
Ore 
БЫ 


0 А.М. 
3 P.M. 
0 P.M. 


> 


1 NB, 29 SE 
1 NB, 28 ЅЕ, 1S 
26 (NW-NE), 5 SE A.M. All (130?-140?) 
3 NB, 23 (NW-NE), 5 SE ‚М. AM (130?-145?) 
25 NB, 5 (W-N), 1 SE -- -- — 
19 (E-SE), 8 (NW-NE), 3 (S-W) . M. All (135°-140°) 
1 NB, 20 (SE-S), 3 (SW-W), ‚М. АП (130°-145°) 
6 (NW-NE) 
13 NB, 1 SE, 1 NE 
* NB—No definite bearings. 
** The angles are meas clockwise from north. 


The data obtained seem to warrant the following conclu- 
sions: 

1. During the dry season, probaly from January 15 to 
April 1, the atmospheric disturbances both at Balboa and Colon 
come almost entirely from the South American continent, from 
the direction of the high Andes in northern Colombia. 

2. When the dry season comes to an end and local storms 
begin to appear, the local disturbances from the low mountains 
of the isthmus begin to be prominent. This shifts the prevailing 
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direction at Balboa at times from the southeast to the north, but 
has little effect on the direction at Colon since the mountains 
containing the local centers of disturbance here lie to the south 
and east, or roughly in the direction of the disturbance sources 
in Colombia. 

3. In midsummer, while there is probably much disturbance 
from Central America and Mexico, the local disturbances from 
the isthmus mask this to such an extent that the prevailing 
direction at Colon continues roughly southeast, while at Balboa 
the distant and local disturbances unite to give a northerly or 
northwesterly direction. 

4. The observations further indicate that from northern 
sending stations, Balboa and Colon should give nearly equally 
good unidirectional reception in the dry season, but during the 
rest of the year, where the disturbance conditions are more 
troublesome, Colon should have considerable advantage over 
Balboa. 


ЬЯ 


PRELIMINARY NOTE ON PROPOSED CHANGES IN 
THE CONSTANTS OF THE AUSTIN-COHEN TRANS- 
MISSION FORMULA* 


Bv 
L. W. AUSTIN 


(LABORATORY FOR SPECIAL RADIO TRANSMISSION RESEARCH) 


(Conducted jointly by the Bureau of Standards and the American Section of 
the International Union of Scientific Radio Telegraphy) 


It has been known for a number of years that the Austin- 
Cohen transmission formula, while satisfactory for moderate 
distances and wave lengths, gives values at 6,000 km. which are 
only about one-half of those observed, and that at 12,000 km. 
the ratio appears to be about one to four. 

Our original formula for daylight signals over salt water of 


1910-1914! was written 
E = 120 P 24 F е“ (volts km. amp.) 


0.0015 d | | 
where и = Е The constants in и were determined empi- 
AUR 


rically from shunted telephone observations for distances up to 
2,000 km. and frequencies between 1,000 Ес. (42300 m.) and 
80 ke. (423,750 m.). 

Naturally I have been desirous of bringing the formula into 
better agreement with the observations. Acting on the advice 
of some of my European colleagues in the URSI, I have given up 
the idea of altering the Hertzian portion of the formula since this 
is the portion that rests on a theoretical basis, and have given 
attention only to possible changes in the values of the constants 
of the exponential term. These can easily be arranged so as to 
give excellent agreement for limited ranges of wave length and 
distance, but in order to give the formula a general eharacter, 
it should be at least approximately accurate for all frequencies 
between f=1000 ke. (42300 m.) and 12 ke. (42 25000 m.) 

*Published by permission of the Director of the Bureau of Standards of 
mon S. Departinent of Commerce. Received by the Editor, February 15, 
, ! Bureau of Standards Bulletin УП, p. 315, 1911, Reprint 159; and ХІ, 
р..69, 1914, Heprint 2:26. 
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During recent years a very considerable amount of experi- 
mental data on signal field strength has been collected. Long 
series of transatlantic observations have been taken by the 
American Telephone & Telegraph Company, The Radio Cor- 
poration of America, The Marconi Company, the French Army 
at Meudon, near Paris, and the Bureau of Standards. The 
Marconi Company has also collected a vast amount of ехрегі- 
mental reception data from various transmitting stations during 
the voyages of the S. S. Dorset from England to New Zealand 
(February and March, 1922) by way of the Panama Canal, and 
of the S. S. Boonah from Australia to England (June, July, 
August, 1923) through the Suez Canal. In addition, the Indian 
Post Office made field intensity measurements at Karachi, India, 
on several of the European high-power stations from November, 
1921, to January, 1923. 

Al this material now makes it possible to determine the 
variations of field intensity with varying wave length and dis- 
tance with some degree of certainty. The relative value of 
the different. series of observations of course differs widely. 
Those in which the same stations are observed regularly over 
one or more years are naturally the most valuable. Those which 
have been taken during the voyages of ships, while important, 
may show large variations during different parts of the voyage, 
since In general only one observation is taken at any given dis- 
tance from the transmitting station, and the results can at best 
represent the conditions during only limited portions of the year. 

The use of much of the experimental material for deriving a 
formula which must by definition hold. for an all-water path ts 
complicated by the fact that in most cases of long distance trans- 
mission the waves pass for a considerable distance over land. 
For example, the shortest great circle distance between Nauen, 
Germany, and Washington is roughly 25 per cent land, Rocky 
Point to London twenty per eent.. Buenos Aires to Washington 
more than fifty per cent, while from Karachi. India, to the Euro- 
pean transmitting stations nearly the whole path is over land. 

The question of the relative land and water attenuation 1л 
radio transmission is not at all settled. It is generally agreed 
that for wave lengths below 5.000 m., land attenuation is much 
greater than that over water, and it seems probable that there 18 
considerable, though decreasing, land effeet from 5.000 m. up 
to at least. 15,000 т. The amount of this effeet naturally de- 
pends upon the character of the land traversed, and especially 
on conditions in the neighborhood of the transmitting and re- 
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ceiving stations. Observations at Washington covering more 
than two years indicate that signals from Bolinas, California, 
near San Francisco f=22.9 kc. (42 13,100.) have practically 
the same attenuation as over water, if the reported effective 
height of the station is correct. On the other hand, a much 
more limited number of observations in Washington on San 
Diego, and in San Diego on the east coast stations indicate 
nearly twice the water attenuation. This may be due to local 
conditions near San Diego as this has always been thought by 
operators to be less favorable for radio work than San Francisco. 

Notwithstanding these uncertainties, it has seemed worth 
while to make use of the accumulated data for obtaining at least 
tentative constants for a new formula. Up to the present a 


0.0014 d 


value of и = ав ` Seems to give fairly satisfactory results. 


This may be slightly varied as more and better observational 
data are obtained. Table 1 gives the ratio of the new to the 
old values of e " at various wave lengths and distances, and 
Table 2 shows а collection of observed intensity values from 
various sources which are in good, or fairly good, agreement with 
those calculated according to the revised formula. The obser- 
vations at Cliffwood and New Southgate! were taken by the 
American Telephone and Telegraph Company and those at 
Karachi by the Indian Post Office.’ 


TABLE I 


Ratio ог NEw AND OLD VALUES e-u“ ' 


0.3 
05. 
1.0 
2.0 
3.0 
5.0 
0.0 | 
6.0 
4.0 


мо — ке 


The series at San Diego* was taken by the Bureau of Stand- 
ards, while the Marion and Nauen observations on the S. S. 
Dorset and Boonah* by the Marconi Company represent the 
averages taken from the observation curves of the two ships, 
one in March, 1922, and the other in July, 1923. Bordeaux 

! Bell System Technical Journal," vol. 4, p. 459; 1925. 

? "London Elec.," vol. 91, р. 164; 1923. 


3 "Jour. Wash. Acad. Sci.," vol. 15, p. 139; 1925. 
* "Jour. I. E. E." (London), vol. 63, р. 933; 1925. 
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changed its wave length from 23,400 m. to 19,000 m., at about 
the time the Boonah sailed from Australia, and this change 
resulted in such an increase in the efficiency of the station that 
the observations on the two ships could not be fairly compared. 

In a later paper the rest of the available data, both favor- 
able and unfavorable to the formula, will be discussed. 


TABLE II 


Sour CALCULATED AND OBSERVED FIELD INTENSITIES 


Sending | Receiving | À 
Station t ke. | km. 


Station 


Nnuecn Cliffwood, №. J. 23.5 12.6 ЖБ 5 1022-1093 
Marion New Southgate, Eng. 25.8 .6 25 1923-1924 
Rome Karachi, India . | Nov., 1921 to 
Bordeaux Karachi, India 1 Jan., 1923 
Ste. Assise Bureau of stds. 20.6 — 14. 3.153 ‘ 1923 
Bordeaux Bureau of Std. мо ; 1922 
Buenos | 

Ане Bureau of м. 23.6 ' 2. 1924 
Cavite, P; L' San Diego, Cal. 19; d NC А Aug. 28-Sept. 22, 1924 
Marion S.S. Dorset & Boonub — : ` 1 Marcb, 1922 and 

July, 1923 

March, 1922 and 
, р е July, 1923 
8.5, Dorset 28 93. $ March, 1922 


Neuen 84.5. Dorset & Воопаһ 


Bordenux 


CHOICE OF POWER FOR A RADIO STATION* 


Bv 
М. №. TSIKLINSKY 


AND 
V. I. VouyNKIN 


(ELECTRICAL ENGINEERS, MEMBERS OF THE Russian Society oF RADIO 
ENGINEERS, LENINGRAD, Russia) 


The present development of the radio telegraphy is so ad- 
vanced that the engineer who is designing a radio station has 
numerous alternative possibilities in solving his problem. Не 
has available three methods of generating continuous waves, 
these three systems being by the arc, electron tube generator, or 
radio frequency alternator. The capabilities which these systems 
offer with respect to power and operating characteristics cer- 
tainly solve the question of radio communication within the 
limits of terrestrial distances. There remains only the perfecting 
of details which do not affect fundamental methods. 

The great increase in the available power of generators allows 
one to solve the problems of radio communication free from nar- 
row technical limitations, as was the case for the earlier spark 
transmitters. For such spark sets, the constructor was often 
stopped by the limits of available power, voltage, speed of trans- 
mission, and the like, and for these reasons he had to sacrifice 
economic considerations to technical requirements. 

At present the conditions are such that the quantitative de- 
sign of a radio station can and, therefore, must be considered from 
an economic point of view, bearing in mind the expenses incurred 
in the installation and maintenance of the station. 

N. Tsiklinsky showed analytically in 1922 that, for a given 
radio circuit, there is some satisfactory power for which the cost 
of the radio transmitter is a minimum.! 

Messrs. E. F. W. Alexanderson, A. E. Reoch, and C. H. Tay- 
lor in a paper on trans-Atlantic radio transmission also suggested 


*Presented before the Russian Society of Radio Engineers, Leningrad: 
in mathematical form by N.N. Tsiklinskv, June 22, 1922, and in final form by 
V. I. Volynkin, February 24, 1925. Received by the Editor of THE INSTITUTE 
or RaDio ENGINEERS, July 25, 1925. 

! “Telegrafia i telefonia bez provodov," number 15, 570-574, August, 1922. 
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that there is a minimum cost of a radio transmitter for a certain 
height of the masts and they published two curves of relative 
erst as a function of the height.? 

In this paper, an attempt is made to approach this question 
chiefly from the point of defining that power of the radio station 
which will give the desired service with the smallest outlay for 
installation and maintenance. 

The cost of a radio transmitter may be looked upon as made 
up of the combined value of buildings, generating equipment, 
the antenna with its masts, and the ground connection. Leaving 
out of consideration the cost of the building as not dependent on 
the power but determined by other considerations, let us con- 
sider the relation bet ween the other three quantities. It is known 
that the same received signal can be realized by an increase of 
power of the transmitter and a corresponding reduction of the 
height of antenna and vice versa. With an increase of power 
there is an increase in the expenses for machinery and ground 
connection, but at the same time the cost of the antenna de- 
creases. Combining these components of cost, we can approach 
a minimum. 

For this purpose, one must, of course, have the cost of the 
chief portions of a radio station as a function of some of its 
dimensions. These data, which are obtained from usual con- 
tractors’ estimates, may be presented in the form of a curve 
S=f (Q), where S is the cost and Q the size. For purposes of 
simplification, one can divide the cost of the whole installation 
into three principal parts, namely: 


[| GENERATING APPARATUS AND GROUND CONNECTION: 

о. =) (P) where S, is cost, P power іп the antenna. 

MasTs: 

5„=/ (Н) where S, is cost and Н is height of transmitting 

antenna. 

ANTENNA: 

4, =}, (Р, Н) 
It is evident that the sum of these quantities is the cost of 
the whole radio station excluding the buildings and ground, which 
may, if desired, be included into the equations (Q). In this 
way, we obtain: 


© 
— —— ua a M —— ыйынын, 


S=fi (P) +5 (H) +3 (P, Н) (1) 


? “General Electric Review," XXVI, 7, 464, July, 1923. 
"Journal of American Institute of Electrical Engineers," XLII, 7, 693, 
July 1923. 
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In order to find the minimum of expression (1) graphically, 
it is necessary to express all the costs as a function of one quantity, 
for example P, making use of the transmission formula: 


РТ aias 
БЕ В (2) 
where A, а and 0 are the correct coefficients for the given case, 
the choice of which depend on the nature of the transmission 
path, F is field intensity at receiving end, 7 the current in trans- 
mitting antenna, 4 the wave length, d the distance, and A the 
effective height of transmitting antenna. 

Solving (2) with regard to J, squaring it, and multiplving by 
the resistance R, we obtain an expression for the power of the 
transmitting station. The resistance of the antenna А is the 


sum of two quantities: radiation resistance Л, = 1580(") 
A 


, and 


the ohmic loss resistance, which we will express in accordance 
with Mr. Shuleikin's approximate formula? 


À | 
Ra=R, 2 (3) 


o 


where №, is the loss resistance at the fundamental wave length 


А, hence: 
P=a+bh-? (4) 


or, in another form, 


в ) 
Р = | Fer 
i ( 1580 4, ! 


where the coefficients have the following values: 


1580 P242 et^? 7 
а= м (5) 
A 
| R, F? д3 d2 2А" " 
) = a4 ө 
A"? 7, l 


We may transform the last formulas to be applicable to the 
case of the optimum wave length for a given distance of trans- 
mission, which wave length is given by the known equation 


Am = (uà d)! *. 


? Radiotechnik," number 14, 416, February, 1921. 
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Substituting this expression for 4 in (5) and (6) we get 


1580 F? 43465 


— 
-— 


а, 14 
а ^! ó 2 i 
_ В, F? (a ay 9А 
217% 


C 


If we accept Austin's formula, that is: 


А 2377 Q, 420,0015 km. 77° and 6=0.5, we get 


А „а 70,6008 Е? 0; [W, V, km] (5a) 
2-18 
С,1-6,85.107:% fs ы [W, V, km] (6a) 
dnd = 5,03.107 4 d? [km] 


The effective height of an antenna may be expressed by a 
coefficient. depending on the current distribution (form factor), 
using any known formula, such as those of Pierce or Shuleikin: 


й=7Н 


where Y 2 РОН, А) is form factor. 
Hence for a given wave length 


P=atC [H. F (H)? (4a) 


Our next step is to transform the function S,,=fo (Н) into the 
function S, = Ф» (P), keeping in mind the relation between H 
and P, which is given by equation (4a). 

In order to carry out a transformation, we take a sequence 


of values Smi, So, Sus... о. find their abseissas Hi, Ho, H3. so 
and using formula (4a) we ealculate the corresponding values 
Pi, Ps, Ps... ., which we lay aside as new abscissas for the same 


ordinates. In this way we obtain a number of points for the 
needed curve $ (P) (Figure 1). 

The cost of the antenna depends upon the power and the 
height of suspension since, for the same power, if the height is 
increased, we are obliged to use a larger number of wires to secure 
the required capacity. 

Therefore, to reckon the cost of the antenna as a function 
of P, it is indispensable to ascertain the corresponding heights Н, 
according to formula (4a), and in this way obtaining S,= Фф; (P). 

In order to determine the minimum cost, it is then sufficient 
to add the three functions fi (P), 6» (P), and $3 (P) graphically, 
and the minimum will be found on the resulting сигуе (Figure 1). 

However, this will not. vet prove the full advantage of the 
corresponding arrangement, since in most cases the designs are 
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made to give the least operating expenses of the projected station 
and not the minimum first cost. 

Only in exceptional cases, where only very limited capital 
is avallable, is it desirable to be guided by considerations of 
minimum first cost while being fully prepared for an increase in 
the operating cost of the service and the consequent decrease 
of profits. 

Therefore, in general, it is necessary to consider methods of 
calculating the annual operating charges, or, in other words, the 


FIGURE 1 


cost per word transmitted and the total trafic. For this purpose, 
each of the curves S,=fi (P), S420: (Р), and Sa= Фф; (P) must 
be multiplied by its correspoding coefficient, in which are taken 
into consideron amortization, expenses of maintenance, inter- 
est on capital, and other expenses which depend on the total value 
of the station. 

If, to the new curves (which differ from the former ones only 
In scale), we add the curves of annual expenditure for electric 
power (which is straight line passing thru the origin), and the 
administration expenses (a straight line of small inclination) and 
find their sum, we will obtain a curve of annual expenses for the 
operation of a radio station as a function of power. (Тһе cost 
of the buildings and ground may also be taken into account.) 
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The last curve also having a minimum point will, therefore, 
indicate the most profitable power from the operating profit 
point of view. 

Аз an example, which illustrates the application of the above 
method ‘but which does not pretend to be very precise or strict 
in treatment), let us determine the relation between the power 
in the antenna and the height of the masts for a radio station 
with an effective range of d 23,000 km., at the optimum wave 
length, and with a field intensity at the receiving end of 
F = 20.103 у, km. 

For this case, we may accept Dr. L. W. Austin's formula, and 
therefore 4,4 =5.07 km., and by taking a ratio of 2.5 to 1, as 
that between the radiated wave length and the natural wave 
length, of the antenna, we obtain 4,72 km. 

Taking into consideration data from stations already built, 
we may assume 72, 230. 

Evaluating coefficients а and 5 according to formulas (5a) 
and (ба), 

ама = 0,608. (20.10 3)? 3,000? = 2,190 W. 


233 . (20.1077)? 3,000° 


2 - 270 И’. Ат. 


b, 4 m 6,85.107 


Hence 
27 
Р -2190-- he (4b) 
Let us now take into account the dependence of form factor 
on the height, according to M. Shuleikin’s approximate formula‘ 


ии (1) 0 


where А is height from the ground to the highest point of the 

antenna, L the length of the vertical and horizontal parts of the 

antenna (outward in one direction only). This formula is ac- 
2 

eurate and сап be used when J, 75 2, as IS the case. 

Substituting (7) in (4b) and calculating a sequence of values 
of P for chosen arbitrary values of H, we get Table I. 

At the same time we must determine the cost of wooden 
masts of the same heights H. Аз numerical data for the height 
from the earth to the highest point of the aerial we take those 
given by А. Shorin. 

t Previous citation, page 408. 


$ Telegrafia 1 telefonia. bez provodov," number 16, 599-609 (October, 
19272). 
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The results are also tabulated in Table I. 


TABLE I 


S5 
(gold 
roubles) 


124,400 
0.0875 37,400 
0. 125 19,500 
0. 150 14,400 


Having the curve S, =} (H) (Figure 1), and with the aid of 
Table I, we draw 5„=ф. (P) inserting for some values of Sm, 
instead of H, the corresponding values of P. 

Further, we will sum up the cost of all generating and radio 
frequency machinery and of the antenna erection for several 
values of P, assuming a tube transmitter, and then draw the sum 
of curves S, — fi (P) and Sa 2 $, (P). The sum of the three curves 
Sm+Sa +S, gives the total cost, which in this example has the 
minimum value S=80,000 roubles, when P230 kw. and 
Н 2115 m. (Figure 1). 

. If we assume the field intensity instead of 20 ву. /т. to 
be 50 #v./m., the minimum cost will be 90,000 roubles with a 
power of 46 kw. and a height of masts of 88 m. 

As is seen from the example given, near the minimum the 
eost changes very little with changes of power, which fact gives 
the designer considerable leeway, and at the same time avoids 
serious errors due to inaccuracy in the preliminary assumptions, 
such as is inevitable in such calculations. 

To determine the minimum operating expenses, let us take on 
the average 5 percent for amortization as applied to the curves 
(S,--S,), and for the curve S,,—10 percent. We also as- 
sume interest on capital for all the curves at 6 percent, and 
repair expenses (including burnt-out tubes), 4 percent. Then 
the coefficients by which the cost curves are to be multi- 
plied in order to obtain the yearly expenses will have the follow- 
ing values: 


for S,-FS,— 0.15 
for S, — 0.20 
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We can now calculate the expense of electrical power at the 
price of 6 copecks kw. hr. for 10 working hours per day at an 
efficiency of 50 percent. 


= 365. (10)0.06 =438 P ]Roubles, К] 


0,50 
Let us draw in Figure 2 the curves 
7,470.15 (S,--S.), д,-0.25,, and o,=438 Р. 
Summing these up, we get the curve of operating expenses as 
a function of power (Figure 2); and the curve of administration 


Te 20 JO 40 KW (р) 


FIGURE 2 


expenses, being almost parallel to the axis of abscissas, will not 
have an appreciable influence on the position of the minimum, 
and, therefore, may, for simplicity, be neglected. 

For comparison, we have drawn also in Figure 2 the operating 
expenses if the station works 5 or 15 hours per day. As can be 
seen, the change in traffic of 50 percent leads to a shift of the 
minimum point on the average of 10 pereent. 

In this way, for the ease of a tube transmitter, we obtain 
the following feasible values of power: 

o0 kw. for minimum first cost, and 

20 kw. for minimum operating es penses. 

As the curve of cost has a flat minimum and the curve of 
operating expenses a sharper one, we should select a power kw. 
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and this will increase the initial expenses only 5 percent above 
the minimum. And finally, the designer should make similar 
calculations for the arc generator and the radio frequency alter- 
nator, and finally choose the most economical and suitable system. 
In conclusion, it is to be noticed that the functions 
5,-) (Н) and S, =fı (P) for the given type of masts and trans- 
mitter are applicable with sufficient accuracy in other cases. 
Functions 8„ = Ф. (P) and S,— Ф, (P) only are related speci- 
fically to the individual case and must be recalculated for different 
cases of transmission, since they will then have a different form, 
depending upon the coefficients a and b in formulas (5) and (6). 


SUMMARY: The cost of a radio station may be looked upon as the com- 
bined value of the buildings, the generating machinery, and the antenna with 
its masts and ground connection. It is shown in this paper that, for a given 
radio transmission, the necessary power P in the antenna and the effective 
height h of the antenna are connected by an equation Р-а--ЫҺ?. By means 
of this formula, the cost of the antenna and the masts, as a function of their 
dimensions, may be expressed as a function of the power, hence all the curves 
of cost may be combined graphically. The resulting curve of total cost 
clearly shows that there is some power for which the cost of a radio transmitter 
is a minimum. 

A method is also given for choice of power by which the annual expenses 
are a minimum. 

The methods described above are illustrated by a determination of the 
power in the antenna and the heights of the masts for a radio station with a 
range of 3,000 km. and operating on an optimum wave length of 5,070 m. In 
this instance, the power for the least outlay is 30 kw. and for the lowest annual 
expenses, 20 kw. 
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DISCUSSION 
ON 
“POLARIZATION OF RADIO WAVES," By GREENLEAF W. 
PICKARD 


By 


E. W. ALEXANDERSON 


Mr. Pickard mentions in the introduction to his paper that 
it has been assumed from the inception of the radio art that if 
the wave was vertically polarized at its origin it would remain 
so at all distances and that the measurements of Austin and 
others confirm this assumption. There can be no doubt about 
the unanimity of opinion that has existed on this subject, but a 
number of facts have recently been brought out through work 
on polarization of short waves which leads us to think that the 
evidence collected in the past may be given a different interpre- 
tation. 

Extensive systematic measurements undertaken by А. Hoyt 
Taylor, Austin, and others have shown that direction-finder 
bearings on long wave stations show great irregularities during 
the hours of darkness. It has been assumed that these irregu- 
larities meant actual change in the direction of wave propaga- 
tion. We find now in dealing with short waves that such ap- 
parent ehanges in direction of wave propagation can be repro- 
duced regardless of daylight by controlling the plane of polari- 
zation of the radiated wave. When a wave is radiated from a 
horizontal loop, it is found in the immediate neighborhood of 
the antenna that a direction finder gives bearings at right angles 
to the direction where the station really is. In other respects. 
the instrument responds as if it were receiving an ordinary 
vertically polarized wave. The loop gives maximum response 
in the vertical position and nearly zero response in the horizontal 
position. This evidence may be coupled with the experience 
in aviation practice, according to Capt. W. H. Murphy, that a 
direction-finder station on the ground may give false indications 
on an air-plane as great as 45 degrees or more. The false indi- 
cations have proven to be the greatest if the antenna is allowed 
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to trail horizontally, and if the air-plane is flying at right angles 
to the direction from which bearings are taken. The antenna 
ix therefore held as vertical as possible by a weight and the 
personnel is instructed to take bearings only when the plane is 
pointed towards the observing station. In the light of what 
we now know, these experiences can clearly be interpreted to 
mean that an antenna trailing at right angles to the line of obser- 
vation radiates horizontally polarized waves and that the false 
indications of the direction finder are due to the wave polariza- 
tion. The inference from this is also that the apparent changes 
in direction of long waves observed by Taylor and Austin are 
due to the presence of horizontally polarized wave components. 
In fact we may say that this apparent change of direction of 
propagation is a characteristic by which the horizontally polarized 
wave may be recognized. 

It remains to explain why the horizontally polarized wave is 
received at maximum intensity with the loop in the vertical 
position. The reason for this is the following: 

The electromotive forces of the horizontally polarized wave 
are parallel to the ground. However, close to the ground we 
cannot have any difference of potential because of the short cir- 
cuiting effect of the ground. However, the horizontal electro- 
motive forces are transformed into currents in the ground. 
These ground currents are at right angles to the true direction 
of wave propagation. The fact that the loop gives maximum 
response jn vertical position at right angles to the direction of 
wave propagation is explained by these currents in the ground 
which are also at right angles to the wave propagation and there- 
fore inductively related to such a loop. From this reasoning, 
it can be concluded that the false direction indications are to be 
expected only in the close proximity to the ground. Some meas- 
urements have been made which confirm these conclusions. À 
set of tests was made exploring the characteristics of а wave 
radiated from a horizontal loop by making frequent measure- 
ments to within ten miles of the station. The composite picture 
which was obtained from this test was a continuously twisting 
plane of polarization with alternate points of plane and circular 
polarization. At intermediate points the polarization was 
eliptical. The plane polarization was indicated by sharp direc- 
tion bearings and circular polarization by equal intensity from 
all directions. The observations indicating plane polarization 
gave bearings sometimes towards the transmitting station and 
sometimes at right angles. 
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Besides these measurements around the vertical axis, obser- 
vations were made with the loop in the horizontal plane. On 
flat fields the horizontal position gave nearly zero response. At 
the top of а steep hill and а high bridge the response in the 
horizontal plane was equal to the vertical. 

These results indicate the presence of а horizontal and a 
vertical wave component with different velocity of propagation. 
Whenever the two waves are in phase, they give plane polariza- 
tion. When they are 90 degrees out of phase they give circular 
polarization. The observation with the loop in the horizontal 
position on the top of the hill and the bridge show that even a 
moderate elevation is sufficient with short waves to reach the 
point where the horizontal electromotive forces are not short- 
circuited by the ground. 

All this leads me to think that horizontal polarization is not 
confined to short waves only. Direct observation of horizontal 
polarization at long waves could be made only at great heights, 
but indirect observations through the effect of ground currents 
can be made by ordinary direction finders at any wave length. 
If this theory is correct it means that the irregularities of direction- 
finder indications recorded by A. Hoyt Taylor and L. W. Austin 
on long waves can be explained by the presence of horizontally 


polarized wave components. 
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DISCUSSION 
ON 
“THE SHIELDED NEUTRODYNE RECEIVER,” Вх 
DREYER AND MANSON 


By 
L. A. HAZELTINE 


The paper is largely a descriptive one, giving the final results 
of an admirable engineering development for which Messrs. 
Dreyer and Manson were mainly responsible. It has seemed 
that it might be appropriately supplemented by a theoretical 
discussion of some of the considerations that enter into the 
electrical design of & receiver employing tuned radio-frequency 
amplification. Тһе most basic theoretical considerations are 
those of sensitivity, selectivity and fidelity. By ''fidelity" is 
meant the degree of uniformity with which a band of frequencies 
is amplified, this band extending on each side of the carrier 
frequency sufficiently to cover the useful audio frequencies, so 
that the latter may finally appear with uniform amplification 
and may thus faithfully reproduce the modulating wave at the 
transmitter. 

Al of the above qualities are best illustrated graphically 
on a resonance curve, in which amplification is plotted against 
frequency: sensitivity is represented by the amplification at 
the resonant frequency; selectivity, by the falling off in ampli- 
fication as we depart considerably from the resonant frequency; 
and fidelity, by the uniformity of amplifieation in the immediate 
neighborhood of the resonant frequency. 

Let us first derive the equation of the resonance curve. 
Figure 1a shows the circuit of a single tuned amplifier stage, and 
Figures 1b and 1с show simplified equivalents. The circuit 
constants are as follows: 


в, amplification factor of vacuum tube; 
Jp, plate conductance of vacuum tube; 
L, self-inductance of secondary coil; 

C, capacity tuning secondary circuit; 

y, conductance of secondary circuit; 
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7, ratio of transformation. secondary to primary: 
: + 
w, angular frequency (22 times frequency). 
The amplification is defined as the ratio of the output vol- 


Fictres la, 1b, 1e—Onoe-Stage Vacuum-Tube Ampli- 
fier and Simplified Equivalent Circuits 


tage E' to the input voltage E. If these voltages are ex- 
pressed as complex quantities E' and E, the amplification is 


*NOTES: It is convenient in vacuum-tube calculations to use conductances 
rather than resistances, and conductances often vary less rapidly with varia- 
tions in frequency; if r 18 the total series resistance of the secondary tuned 


А 
circuit, then g = anl a It is assumed that the primary and secondary 


coils are closely coupled, in which case гіз the ratio of turns; otherwise т may be 
taken as the ratio of secondary self-inductance L to the mutual inductance— 
that is, to the voltage ratio. It is also assumed that the primary capacity is 
negligible; otherwise it can be added directly to 7? C. The combined effect of 
the primary capacity (or of g,) with looseness of coupling, if considerable, 
requires @ more elaborate derivation. И is also assumed that regeneration 
has been eliminated, by removing or neutralizing all couplings between 
the input and output circuits, except, of course, the mutually conductive 
coupling of the vacuum tube. 
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also а complex quantity А, and includes the phase difference 

between the voltages as well as the ratio of their magnitudes: 
Е’ 

А--. 1 

ы (1) 

Directly from Figure Іс, since the same current flows through 

j, as through the parallel group, L/7?, 72g, г? C, we have the ratio 

of voltages equal to the ratio of the corresponding impedances: 


m 1 
d 2 
-2 P M -2 Y 
2 = аба. yes = эе =. -- 1 мее 5 (2) 
Е 1 1 | So. 
L4 —Pg——— at tt іе 
fe gee dod іі. 
7 Г. 
Substituting in (1), 
А- Е _ ТМ gp Bs, R ТЕЛІ - а THp | : | 
Е кенен В l x J? [fo Wo\ (3 
0+2? 9+) e eC — М) Jotz? g+ Fa | -ey ) 
a) L (Шо І, Wo 0 


where 


] 
По = 4 
we ACD 4) 
is the resonant angular frequency. Instead of the angular fre- 
quency c, let us use as the variable the natural logarithm, 


w à 
r-log. -. (5) 
(Uo 
Then 
O_o egt Le? = 9 пр г: (6) 
(Ny о) 
and 
СИ (fp 
Jp tT? gt І sinh x 
Do bs 


Ordinarily we are not interested in values of r greater than 
about 0.1, for which sinhr is very nearly equal to х; so to a 
very close approximation*. 

——M——— 


*The use of natural logarithms for the frequency scale is convenient; for 
to a high degree of approximation x represents directly the deviation in fre- 
quency referred to the mean of the two frequencies, 


w ES Wo 


am nes (to (9) 
2 


—that is, a value of r equal to 0.1 means that the two frequencies under con- 
sideration differ by 0.1 or 10€% of their mean. Equation (5) happens to be 
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ТЕЧ» 
2*7 7, (8) 


Wa L 


A^ 
ЕТУ 


The amplification at resonance (x = 0) is 


гр p 
A oo ЕА е (11 
ptT“ y ) 
А. 
шы E rp 129 (12) 
wo L(qy4- 17 9) 


Let us substitute the power factor* of the circuit. combination 
0p. 9, L. 


о L ә о L 1, ` 
pe-— (ge) PO, Lg- ptp (13) 


“4 


where p, and p, are respectively the power factors of the com- 
binations gp, L and 9, L. Then 


= te _ 
14227 (14) 
p 

The magnitude of the amplification per stage is then 

Mu ма nr NM 
i \2 Gp tT d 2 15 
\+(22) 4 vi (22) (15) 

р. p 


l'or purposes of plotting, it is desirable to express amplification 
on a logarithmic scale — say in transmission units: 
Logarithmic amplification per stage, 


ӨШ. 1 
20 Году А = 20 logis д + 7? g 2 т\? 
vi) 


THK gp 2r 2 ” ‚` 
—10 Е 16 
ПЕС 1 logo} 1+ ( В | T (16) 


exact fr represents the deviation іп frequency referred to the harmonic mean 
frequeney, 


= 20 logio 


0 — (00 
222 ао. (10) 
aF wo 


"Ге writer ventures to suggest that such a quantity as defined by (13) 
be called the natural. power factor of the resonant eireuit as a whole; for it js 
the ratio of the conductance to the natural admittance, ог of the resistance to 
the natural impedance. The term is in accordance with the definition of power 
factor in general, which may be expressed as the ratio of а resistance to an 
impedance, and should be no more confusing than is the term natural impedance 
as applied to а resonant circuit as a whole. 
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Figure 2a shows plots of this equation for various values of 
-z and with the values of м. g,, g and web, given іп the margin. 
With 721 (which is equivalent to a direct tuned reactance 
coupling), we see that the amplification at resonance is 16.1 
T.U.. which represents good sensitivity for one stage; and the 
amplification is practically constant up to х = 0.005, which means 
practically perfect fidelity (this corresponds to a side frequency 
3 ke. per sec. from a carrier frequeney of 600 ke. per sec., or 
500 m. wavelength). But there is still considerable amplifi- 
cation (6.1 T.U.) at frequencies 10 per cent off resonance (x = 0.1); 
so the selectivity is poor. When the primary turns are reduced 
so that == 4/2. the resonant amplification rises to 17.5 T.U., 
still with practically perfect fidelity, but with a drop in ampli- 
fication at 10 percent off resonance to 3.4 T.U. Thus we have 
gained both in sensitivity and selectivity. without impairing 
fidelitv. Тһе same is true when we raise 7 to 2, but beyond this 
value there is a loss in sensitivity, at first slow and then more 
rapid. The selectivity increases at first rapidly and then ap- 
proaching a limit, as the curves approach the same form. Тһе 
fidelity becomes slightly impaired and likewise approaches a 
limit. These results are given numerically in Table I. 

TABLE I 
Summary from Figure 2а. Values in Transmission Units 


Transformation Sensitivity — Seleetivity — | Fidelity— 
| Amplification ! Drop in Amplification ! Drop in Amplification 


Ratio, At Resonance 1066 off Resonance | 0.5% off Resonance 


ee ——————— —— a 


16.1 10. | 0. 


' | 
17.5 14. | О.: 


17.. 


16. 


| 15.1 


| 
| 


Тһе above results show that there exists a value of т which 
gives a maximum resonant amplification A.. This шау be 
evaluated by differentiating (11): 


е-е ЖАСА Е ТР (17) 
dT d- T т? 
or 0-20 or T= My (18) 
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Figures 2a, 2b, 2c—Families of Resonance Curves for One-Stage Amplifier 
with Various Circuit Constants 
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The maximum resonant amplification is then 


Tug, TH » (8 
А, = Ее 1 
20, 2 2Ng (19) 
With the constants of Figure 2a, the turns ratio for maximum 
0.1333 


A, is, as indicated by the curves, 7 = 2. 


0.0333 | 

Under the most common conditions, especially at the higher 
frequencies and with a small number of stages, the matter of 
fidelity does not impose a limitation on т. The best value of т 
is then determined as а compromise between sensitivity and 
selectivity.* Since selectivity increases continuously with in- 
creasing т, while sensitivity passes through a maximum, the 
best value of г is higher than that corresponding to maximum 
sensitivity, and therefore, by (18), is such that the input con- 
ductance z?g of the transformer at resonance is substantially 
higher than the plate conductance g, of the vacuum tube. In 
the table, the best value of г evidently lies between 2 and 4. 
The intermediate value, 24/2, together with the other constants 
of Figure 2a, corresponds roughly, at the lower broadeast fre- 
quencies, to the receiver which formed the subject of the paper 
under discussion. It is believed that the Neutrodyne receivers 
were the first to thus obtain increased selectivity by employing 
fewer primary turns than correspond to maximum amplification 
at resonance. 

Besides the turns ratio г, the designer has under his con- 
trol, within certain limits imposed largely bv cost and bulk, 
the self-inductance L and the conductance g of the coil. Figure 
2b shows resonance curves comparative with those of Figure 2a, 
in which g has been halved, by minimizing the sources of loss 
in the tuned circuit. The two sets of curves are practically 
identical about 10 percent off resonance, but the resonant ampli- 
fication has been increased. The result is a gain in sensitivity 
and in selectivity. but some impairment in fidelity. Also, the 
turns ratio for maximum resonant amplification has been in- 
creased to 24/2, in accordance with (18). 

If in the curves of Figure 2b the lower conductance д causes 
fidelity to be a limitation, and the turns ratio has to be lowered 
so as to give the same fidelity as in Figure 2a. then the selectivity 
will be the same as in Figure 2a, but there will remain some 


*This is on the assumption that stability does not impose a limitation. 
In designs giving а low power factor p, at high frequencies, the possibility of 
instability, due mainly to variations in the coupling capacities of vacuum 
tubes as manufactured, may make it desirable to use fewer primary turns. 
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gain in sensitivity. However. this gain may be insufficient to 
offset the greater cost of the low-loss coil. since low losses entail 
greater bulk. It just happens that at the low broadcast fre- 
quencies (in the neighborhood of 600 ke. per sec.). fidelity begins 
to be a limitation with coils of ordinary size (3 in. in greatest 
dimension). 

In Figure Әс are shown resonance curves for the same trans- 
former power factor р. but with twice the self-inductance 1, 
and therefore half the conductance 9 and tuning capacity С. 
These curves are identical in form with those of Figure 2b. pro- 
vided comparison is made between curves іп Figure 2e having 
4/2 times the value of = for the curves in Figure 2b. but are dis- 
placed upward by 3.0 T.U. (220/og,N/2). Thus with the 
proper increase in turns ratio. there has been an increase in sensi- 
tivity with no change in selectivity nor in fidelitv. The value 
of L in practice is determined by the upper limit of the broadcast 
frequency range and by the minimum tuning capacity, which 
latter should therefore be kept as low as is feasible. considering 
the natural capacities of the vacuum tube and the wiring. 

The curves of Figures 2a. 2b and 2c illustrate certain other 
facts to which attention should be drawn. First. the amplifi- 
cation near 10 percent off resonance апа bevond is practically 
independent of the transformer conductance у; for when 2r p 
is large. equation (15° reduces to 


TNR NM ом “л 
A=. н | 


9 E 5 | Е (20) 
2r тд 2$ Dc | 


The variation of g with frequency consequently has а negligible 
effect on the resonance curve. 

Again, the logarithmic amplification. with customary values 
of the circuit constants falls below zero within the value х=0.1, 
—that is, each stage of a tuned radio-frequency amplifier actually 
weakens an interfering signal which ts 10 percent or more off 
resonance. This means that such an interfering. signal. as 
picked up by a small antenna, may reach the detector circuit 
so attenuated as to be weaker than the signal picked up by the 
detector егеп directly. The loss in actual selectivity conse- 
quent on such direct pick-up in intermediate circuits is one of 
the important reasons for shielding. as brought out in the paper. 

We will now consider the effect of varving the number of 
stages of amplification. If all stages are alike. the total ampli- 
fication in transmission units. will. be directly proportional 
to the number of stages 2, as given by the equation 
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201044 A" —20 п logua) ESP . --(T.U. (21) 
gp 2° “0 vi (=) 


The amplification relative to that at resonance is also propor- 
tional to n: | 


n / | 
20 logs + lem 10 n logio E E | T. U. (22) 


Using the circuit constants of Figure 2c and the turns ratio 
corresponding to maximum resonant amplification, this relative 
amplification is plotted for various values of л in Figure За; 
and the resonant amplification is given for each value of n in 
the left-hand part of Table II. The total amplification would 
be obtained by shifting each curve upward by the respective 
resonant amplification. 


tS l; 


TABLE lI 
Resonant Amplification, Transmission Units 


Amplifi- Amplifi- 
Turns cation, cation, | Turns. 
Per Stage, Total, Ratio 


-- 


P 

| 
E 
1 


Amplifi- Amplifi- — 

cation, сапой, 

Per Stage, Total, 
t.u. 


- With Constant. Turns Ratio, Figure: = With Constant Fidelity, Figure 3b 


1 
3 
4 
1 
4 
4 
4 


Examination of Figure 3a shows that increasing the number 
of stages proportionately increases the selectivity, but with 
some impairment in fidelity, the curvature of the resonance 
curves at the origin becoming sharper. If we correct this effect 
by varying the turns ratio so as to have constant curvature at 
the origin, the curves of Figure 3b are obtained, the curve for 
four stages being taken the same as in Figure 3a. Constant 
curvature at the origin means practically constant fidelity for 
the lower audio frequencies (the curves practically coinciding 
for values of z up to 0.003) and nearly constant fidelity for the 
higher audio frequencies. Тһе proper turns ratio г for this 
condition is determined by making the second derivative of (22) 
equal to a constant at х=0; 


Б А" n 271% | 
const. = ME ШУ | = — Ол тз logio БЕЗ | (23) 


10 ‚ 8n 
7230 p -r=0 | (24) 
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Fiaures За and 3b—Families of Resonance Curves for Multistage Amplifier, 
with Like Stages and with Unlike Stages Respectively 
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Hence, if p; is the value of the power factor p that would give 
the desired fidelity with one stage (п = 1), 


1 n е 
" = р: or р=руп (25) 
that is, the turns ratio г must be varied so that the power factor 
is proportional to the square root of the number of stages; it is 
given by equation (13): 


su Lgs оь _ 26 
б p—wLg pwnmn-«e,Lg (26) 
The resonant amplification by (11) is then 
THY B p Bnn шз ета T" PEDE 
A= -~ 2. = Vw. L gy (p— w Lg) “Уа. L дь (y N/n — о, Lg) 
ф»+}+т°д p 


m 
шас» 2{ 
pi ^/п ) 
These equations were used to obtain the values of turns ratio and 
amplification given in the right-hand part of Table II. 
The eurves of Figure 3b are plotted from equation (22), as 
in Figure 3a, but with p given by (25): 


n 


20164, 4 10 n logi, | 1 Per ) T.U. (28 
Opio 4 = — 10 n logo + ЖҮ: ‚С. (28) 


It is interesting to note that this equation approaches a finite 
limit as n approaches infinity, this being evaluated as follows: 


| A" 10 n 2r y 
201 ш--2--- Sm 
ШШЕ, 2.30 rog. БЕР | 
10 "n 2r ) 7, y 1 
= rum | =. +: . 4. . 
2.39 {рм 2\р уп. j 


10 /2x\?,, ,. | 
hi pi | " 2 


This limit is the dotted parabola of Figure ЗЬ, whieh the other 
curves are seen to approach for a greater and greater range as 
n is increased. 

The most important fact illustrated іп Figure 3b ік that 
with constant fidelity the seleclirity is increased. as the number 
of stages is increased, whereas with a fixed number of stages selec- 
tivity can be increased beyond a certain point only at the expense 
of fidelity. With constant fidelity, the selectivity in each stage 
is decreased as the number of stages is inereased, and the possible 
increase in over-all selectivity has a finite limit, which, however, 
is far beyond what is attainable with any practicable number of 
Stages (that is, in Figure ЗЬ, the curve for n = 4, ог even that for 
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n —8, differs widely from that for n 2 9, except very close to 
the resonant frequency). 

Table II shows that, with any practicable number of stages 
greater than one, the resonant amplification per stage does not 
vary greatly with the number of stages, for constant fidelity. 
It just happens that with the data chosen, the transformer 
power factor p, is equal to the total power factor р for one 
stage; so the number of primary turns approaches zero and 
the amplification approaches infinite attenuation with one stage. 
For this reason the curve for п 21 in Figure ЗЬ has been shown 
dotted, as representing a limit rather than a practical condi- 
tion with the data chosen. With other data, the desired fidelity 
with one stage might not be even approached (p> ри), or it 
might be attained with finite attenuation or even with some 
amplification (p< p). Аз the number of stages is increased 
above one, the resonant amplification per stage first increases 
to a maximum (corresponding to the condition of equation (18), 
and then falls. The total amplification rises nearly in proportion 
to the number of stages for all practicable numbers, but for very 
large numbers of stages it also reaches а maximum and then 
falls, ultimately becoming an attenuation which approaches in- 
fimty. That these latter conditions are purely academic is 
shown by the calculations that the total amplification does not 
reach its maximum until a few thousand stages are employed 
and does not become an attenuation until the number of stages 
passes a million! 

Summing up with respect to the resonance curves, equation 
(21) when written in the form 


А, 
20 login A” =n loyw ка 2 pet 
vie] C) 
. р f n 
=20 п очуы А. = 10 п lo} 1+ (22 И (30) 


shows that all resonance curves, when plotted to logarithmic 
scales as illustrated, are alike in form and differ only in scale and 
in position. Of the three parameters, p determines the horizontal 
scale, п determines the vertical seale, and A, determines the 
position of the curve in the vertical direction. 

The above discussion of selectivity refers to selection against 
interfering signals of fixed frequency, as other broadcasting 
stations. Interference from damped-wave stations, atmospheric 
and other strays, 13 essentially different in that the interfering 
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waves have à wide band of frequencies, and the main interference 
is due to components at and near the resonant frequency of the 
receiver. In the case of random interference, as from strays, it 
may most reasonably be assumed that on the average the inter- 
fering waves are uniformly distributed in intensity over the 
narrow frequency band covered by а sharply tuned receiver, 
and the same is nearly true of damped telegraph waves. On 
the basis of this assumption, John В. Carson has discussed* the 
subject of random interference and has derived certain formulas 
representing relative signal-stray ratios. Carson makes com- 
parisons, in effect, by integrating the square of the amplification 
with respect to frequency between the side-band limits for the 
signal and between infinite limits for the strays: 


[o nef PCT pe t 
n p (31) 
Ах 
о М 
f. "e, Ш ТЕ | Г 
“2 + ( Hi | 


On the supposition that the fidelity is practically perfect, (2x p)? 
is small compared with unity and the numerator reduces to 2r. p. 
The denominator integrates to 


cos 7284 a — BB. (2n 73) | Рр „(2п—2)' ! a 5 
» 2.4.6....(2n—2) 2 2?-*(n—])? 2 


Substituting these expressions, (31) becomes 


E бт 3, 2"-(a—1)m 2 
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E (2n—2)! 22 
the last form being useful if fidelity is to remain constant, as dis- 
cussed in connection with Figure ЗЬ. In this expression 225; р 
has some small value, fixed by the fidelity desired, х being the 
useful side-band limit. The only variable over which we have 
contro] is п. Table II shows how the variable part of (32) de- 


* “Bell System Technical Journal," vol. 2, number 3, р. 28 (1923), and 
“Trans A. I. E. E.," vol. 43, р. 79» (1924). 
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pends on n. Evidently, on the basis of Carson's theory, there 
is no considerable gain in increasing the number of stages above 
two. 

TABLE III 


Relative Signal-Stray Ratio 
Number of 2 2n-2(n —1)!2 


V/n(2n—2)! 


Stages n 


Let us examine the question of stravs in greater detail. Any 
audio-frequency response may be analysed into components of 
various frequencies, each of which components is due to beats 
between radio-frequency waves whose frequencies differ by the 
audio frequency. When a signal wave is absent, strays will be 
heard due to the beats between their various components. When 
a signal wave is present, there will in addition be beats between 
the stravs and the components of the signal wave, mainly the 
carrier wave. 

Under tolerable. receiving conditions, beats between the 
carrier wave and the strays are more important than beats 
between different components of the strays, as these components, 
even in the aggregate, will be weaker than the carrier. Those 
components of the strays whose frequencies are very close to 
the carrier will result in low-frequency audio disturbances. 
Components more remote from the carrier in frequency will re- 
sult in audio disturbances of higher frequency (hisses) or in dis- 
turbances beyond the limit of audibility. Carson's theory does 
not go so far as to consider the relative importance of different 
audio frequencies, and should be supplemented by the use of 
a factor equal to the relative sensitivity of the ear at different 
frequencies. More. crudely, we may substitute a factor which 
is equal to unity up to a certain frequency, about 10 kilocycles 
per sec., and is equal to zero above this value. This means that 
the integral in the denominator of (31) should have as its upper 
limit a value of x corresponding to about 10 ke. instead of in- 
finitv. This will make no great difference if the resonance 
сигуе 15 sharp; but with а broad resonance curve it will make 
the relative signal-stray ratio dependent solely on the ratio of 
the width of the useful audio-frequency band to the width of 
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the total audible band. Since it is hardly possible to make the 
resonance curve suitably sharp at all frequencies with the broad- 
cast range, we are led to the conclusion that the only effective way 
to minimize strays over the range of a receiver is to so design the 
audio frequency amplifier and loud-speaker as to pass only the useful 
audio frequencies and to attentuate all higher audible frequencies.* 
This is one of the important purposes of the condensers shunting 
the audio-frequency transformers and the loud-speaker, in the 
receiver described in the paper. The hissing type of stray is 
thus largely eliminated; but the low-frequency type is quite 
unavoidable, as it has no feature to distinguish it from the signal. 

The less important mode of occurrence of stray interference, 
the beats between different components of the strays, is more 
complicated in theoretical treatment. To find the interference 
at any particular audio frequency, we should take two resonance 
curves displaced by that frequency (as in Figure 4a, but using 
actual, instead of logarithmic, amplification), multiply their 
ordinates squared, and integrate between infinite limits. This 
process discriminates against the higher audio frequencies, which 
confirms the practical observation that the high-frequency hissing 
strays are less conspicuous in the absence of a carrier wave. 
Stray interference of this sort can be minimized with respect to 
all audio frequencies by employing sharp resonance curves. 
Audio-frequency selection is still helpful (though not so im- 
portant as in the case considered in the preceding paragraph, 
on account of the lesser importance of hissing strays), but it 
can no longer make up for broadness in the resonance curve. 

*It may be remarked in this connection that the derivation of the ampli- 
fication equation given previously applies to audio frequency as well as to radio 
frequency, provided that the assumptions stated at the beginning hold good. 
However, the value of z will not be small over the audio-frequency range; so 


the exact equation (7) must be used instead of (8), giving for the logarithmic 
amplification with n stages the following expression in place of (21): 


tH p ] 
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To give a flat curve p is made large, primarily by employing such a low value 


of T that Tg is much less than g,. In this case, (33) reduces to 
20100, А" = 20 n logio == S: T.U T 
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We will now consider the effects on the resonance curve 
of an amplifier of slight lack of resonance in the different stages, 
due in particular to accidental misalignment. of the condensers 
when a common control is employed, as in the receiver under dis- 
cussion. If we have two like stages, with resonant frequencies 
displaced Ат each side of the mean, their resonance curves 
plotted with their mean frequency as the datum will appear as 
shown Бу the light curves in Figure 4a, where Ar =0.005. Тһе 
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Ківсинкх fa and 4b — Resonance Curves Hlustrating Effect of Detuning 


average amplification per stage is the mean between these curves, 
as shown by the heavy curve. This evidently is very nearly 
identical with the original curves except near its peak, which ix 
lower and slightly broader. There is thus some loss in sensitivity 
and in selectivity, with a slight gain in fidelity. | 
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The loss in amplification per stage at the mean resonant 
frequency may be calculated by substituting Az for z in the 
expression for relative amplification, and is 


2Ar 
10 top| 1+ (2 Ж г) |r. U. (36) 
which. for the data of Figure 4a, gives 


2х0.005\? 
01 [1+( 1. от. U. 


as indicated on Figure 4a. For the very small misalignments 
that would be tolerated in practice (Ах < 0.005), the expression 
(36) may be put in the ar form 


А 
УЕ 
" | 
10 /2Аг\? ИТ 
"aa approx. (37) 


which shows that the loss in amplification varies as the square 
of the deviation in resonant frequency. This expression shows 
also that the permissible value of Ах is proportional to the 
power factor p, which is one of the reasons given in the paper 
for employing a design giving a relatively broad resonance curve, 
—that is, a relatively high value of p. 

With more than two stages and a given maximum frequency 
deviation Ar, the most adverse condition would be for half of 
the stages to be at one extreme (Дх) and the other half at the 
other extreme (-Ат). The average amplification per stage 
would then still be represented by Figure 4a; and equations (36) 
and (37) would still apply. If, on the other hand, the misalign- 
ments were uniformly distributed between ( — Ах) and (-F Az), 
the lowering in the peak amplification would only be one-third 
as great, one-third being the ratio of the average value to the 
maximum value with a square-law relation, as in (37). In prac- 
tice, with a given tolerance, the misalignments will be distributed 
according to probability laws, and the average lowering in the 
peak amplification per stage will be less than one-third the value 
indicated by (37). It should be noted that the percentage devi- 
ation in capacity is twice the percentage deviation in resonant 
frequency; so the value Ах = 0.005 corresponds to capacity devi- 
ations 1 percent from the mean, which is much more than is 
tolerated in the receiver under discussion. 

Figure 4b shows the effect of a greater deviation in resonant 
frequency, Ах = 0.02, such as might occur in a receiver having 
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separate tuning controls when detuning is employed for volume 
control of the signal. Here the resultant curve has considerably 
changed its form, showing two peaks. This affects fidelity in 
that there is а slight tendency to accentuate the higher audio 
frequencies in place of the usual and more desirable condition 
of discriminating against them. With the data chosen, the 
loss in amplification at the mean of the resonant frequencies is 


10 logio | 14- (2 x002) | -7.0 T. U. 


0.02 
Evidently in Figure 4b, there has been a large loss in 
selectivity, so the practice of detuning for volume control is 


dangerous. 
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1,575,824—C. H. EIFFERT, filed October 27, 1922, issued March 9, 1926. 
(Of Roanoke, Virginia.) 
RECEIVING ANTENNA FOR RADIO TELEGRAPHY OR TELE- 
PHONY, comprising a device which may be screwed into the usual 
electric light socket for establishing capacitive connection with the light- 
ing line. 

1,575,980—W. S. FERDON, filed August 8, 1923, issued March 9, 1926. 
(Of Omaha, Nebraska.) 
RADIO COMMUNICATION, wherein an antenna device is enclosed 
in a tube and arranged for the radiation of high frequency current ex 
terior to the tube. 

1,576,162—А. Е. VAN DYCK, of Schenectady, New York. Filed March 31, 
1922, issued March 9, 1926. Assigned to General Electric Company. 
HIGH FREQUENCY APPARATUS, wherein electron tubes and 
associated circuits are housed within a cabinet having a hinged door 
thereon with apertures through which the controls for various parts of 
the electron tube circuits pass in such manner that the door of the 
cabinet may be opened without removing the control knobs. 

1,576,324—JAMES B. HOGE and EDWARD E. CLEMENT, of Washing- 
ton, D. C. Filed August 22, 1922, issued March 9, 1926. Assigned to 
Edward F. Colladay. 
RADIOPHONE BROADCASTING SYSTEM, in which a telephone 
network is employed for determining from the transmitting station 
whether or not the receiving apparatus at the different subscribers' sta- 
tions is operating at resonance with the transmitting frequency. 

1,576,667—]. О. MAUBORGNE and GUY HILL, of Washington, D. C. 
Filed February 9, 1924, issued March 16, 1926. 
SYSTEM FOR ELIMINATING INTERFERENCE, in which a wave 
coil is employed for responding to the transmitted frequency without inter- 
ference from undesired frequencies. 

1,576,783—JOHN B. PITTS, of Winnetka, Illinois. Filed January 31, 1925, 
issued March 16, 1926. 
RADIO DETECTOR of the crystal type arranged to be mounted on and 
adjusted from the front of a panel. 

1,576,829—F. O. JOHNSON, of Chicago, Illinois. Filed August 23, 1924, 
issued March 16, 1926. Assigned to Reliance Die & Stamping Company. 
ELECTROSTATIC CONDENSER of the variable type where the rotor 
plates are journaled in bushings carried in the end plates of a condenser 
frame and arranged to be so adjusted as to properly center the rotor 
plates between the stationary plates. 

1,577,108—E. E. CLEMENT, of Washington, D. C. Filed January 21, 1925, 
issued March 16, 1926. Assigned to Edward F. Colladay. 
TRUNKING SYSTEM OF RADIO DISTRIBUTION, where a tele- 
phone network is used for the broadcasting of signaling energy to a 
plurality of subscribers' stations. 


*Received by the Editor, May 17, 1926. 
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1,577,109--Е. E. CLEMENT, of Washington, D. C. Filed January 31, 1925, 
issued March 16, 1926. Assigned to Edward F. Colladay. 
RADIO BROADCAST DISTRIBUTING SYSTEM, where signaling 
energy is broadcast from a central station to subscribers and the energy 
properly amplified. for serving the various subscriber circuits. 


1,577,195—R. C. ROSE, of Osceola, Kansas. Filed October 10, 1925, issued 
March 16, 1926. 
CONDENSER, of the stack type where end plates of glass are provided 
for securing the stack under pressure. 

1,577,443-—L. S. BRACH, East Orange, New Jersey. Filed July 21, 1925 
issued March 23, 1926. Assigned to L. S. Brach Manufacturing Company. 
RADIO RESISTOR COUPLER UNIT, consisting of a condenser and 
resistance within a casing with an identifying plate on the casing for rep- 
resenting the value of the coupling unit. 


1,577,613—F. W. DUNMORE, of Washington, D. C. Filed February 4, 1925, 
issued March 23, 1926. 
RADIO RECEIVING APPARATUS, in which the several tuning cir- 
cuits of the apparatus are simultaneously controlled by operating con- 
densers by means of cams. 

1,577,719—W. H. T. HOLDEN, of Brooklyn, New York. Filed December 
30, 1922, issued March 23, 1926. Assigned to American Telephone & 
Telegraph Company. 
ELECTRICAL PROTECTIVE DEVICE, comprising a tube structure 
which may be connected in an antenna circuit for preventing destruction 
of signaling apparatus from high potential surges. 

1,577,727 —F. W. KARGE, of Chicago, Illinois. Filed April 20, 1925, issued 
March 23, 1926. 
COMBINATION FIREPLACE AND CONTAINER FOR RADIO 
RECEIVING SETS, wherein the receiving set is mounted directly over 
the fireplace in the home. 

1,577,748—D. R. LOVEJOY, of New York City. Filed August 14, 1924, 
issued March 23, 1926. Assigned to Lovejoy Development Corporation. 
ELECTRICAL CONDENSER, where the plates are cylindrical and 
concentrically arranged one with respect to the other. 


1,578,258—А. BLONDEL and M. TOULY, of Paris and St. Cloud, France. 
Filed May 18, 1921, issued March 30, 1926. 

MEANS FOR GENERATING HIGH FREQUENCY CURRENTS 
by a plurality of electron tube circuits which are retroactively coupled 
for the production of oscillations. 

1,578,288—C. W. HOUGH, of Boonville, New York. Filed September 27, 
1922, issued March 30, 1926. Assigned to Wired Radio, Incorporated. 
LAMP SOCKET ATTACHMENT DEVICE, by which signaling appara- 
tus may be connected with the electric lighting line through condenser 
devices for capacitively coupling the receiving apparatus with the 
lighting line. 

1,578,296—A. H. TAYLOR, of Washington, D. C. Filed October 2, 1925, 
issued March 30, 1926. Assigned to Wired Radio, Incorporated. 
MULTI-FREQUENCY CRYSTAL CONTROLLED OSCILLATOR, in 
which a high frequency signal transmitting system is controlled by piezo- 
electric crystal devices. 

1,578,513-). Н. HAMMOND, JR., of Gloucester, Massachusetts. Filed 

(Original), March 31, 1914. Reissue filed July 1, 1921, issued March 30, 
1926. 
SYSTEM AND METHOD OF PRODUCTION OF CONTINUOUS 
OSCILLATIONS, wherein an oscillator is coupled to an antenna system 
and the tuning device for varying the frequency of the oscillations directly 
inserted in the antenna circuit. 

1,578,551—C. SCHWARZ, of Charlottenburg, Germany. Filed October 31, 
1921, issued March 30, 1926. Assigned to Westinghouse Electric & Manu- 
facturing Company. 

RELAY ARRANGEMENT FOR CHANGING THE TUNING OF 
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RADIO APPARATUS, whereby the transmitting apparatus may be 
operated on any selected frequency. 


1,578,735—Н. Е HUNTER апа L. S. HANNOLD, of Swendensboro, New 
Jersey. Filed May 8, 1924, issued March 30, 1926. 
RADIO WAVE RECEIVING DEVICE, in which a wave coil is used 
in the reception of radio signals and compactly arranged with the asso- 
ciated apparatus. 

1.78,394—H. E. CARLSON, of Minneapolis, Minnesota. Filed May 8, 
1924, issued March 30, 1926. 
RADIO CABINET, in which the apparatus is compactly mounted within 
the area of the loop antenna provided in the set. 


1.,578.396—G. Н. CLARK, of Brooklyn, New York. Filed April 26, 1921, 
issued March 30, 1926. Assigned to Radio Corporation of America. 
RADIO SIGNALING SYSTEM, where the oscillations at the transmit- 
ting station are varied at an audible rate to permit receivers to respond to 
the transmitted signals without the employment of a local oscillator. 


1.578,4490—R. A. WEAGANT, of New York City. Filed April 30, 1920, 
issued March 30, 1926. Assigned to Radio Corporation of America. 
APPARATUS FOR PREVENTING INTERFERENCE IN RADIO 
SIGNALING, wherein the transmitting station generates two radio fre- 
quency currents which must be incident upon the receiver for the pro- 
duction of a beat frequency in order that the transmitted signals may be 
received. 

1,578,832—JOSEPH A. KLAUSE, of Philadelphia, Pennsylvania. Filed 
March 15, 1923, issued March 30, 1926. 

CONDENSER construction, wherein a plurality of condenser units are 
compactly arranged in a group. 

1,578,845--Е. L. NELSON, of East Orange, New Jersey. Filed January 16, 
1924, issued March 30, 1926. Assigned to Western Electric Company, 
Incorporated. 

MODULATION INDICATING SYSTEM for determining the condi- 
tion of modulation in a transmitting system. 


1,579,117-—К. Н. KINGDON, of Schenectady, New York. Filed July 1, 
1921, issued March 30, 1926. Assigned to General Electric Company. 
ELECTRON DISCHARGE DEVICE operating upon the principle of 
ionization within a vessel with a plurality of electrodes geometrically 
arranged within the vessel and connected to external circuits. 


1,579,156—]. H. SIEMAN, of Brooklyn, New York. Filed May 2, 1924, 
issued March 30, 1926. 
ELECTRICAL CONTACT FOR TERMINALS OF VACUUM TUBES, 
wherein the pins of the electron tubes have coil springs thereon for estab- 
lishing contact with the socket terminals. 

1,579,168—С. E. VAWTER, of Philadelphia, Pennsylvania. Filed April 28, 
1923, issued March 30, 1926. Assigned to Dubilier Condenser and Radio 


Corporation. 
ELECTRIC CONDENSER, wherein pressure is secured upon a stack 
by a metallic casing which is deformed over the stack. : 


1,579,209—H. P. CLAUSEN, of Mamaroneck, New York. Filed November 
21, 1923, issued April 6, 1926. Assigned to Western Electric Company, 


Incorporated. 
VARIABLE CONDENSER, where the rotor plates may be locked in 


any selected position. 
1,579,253—E. SINGER, of New York City. Filed May 21, 1923, issued 
April 6, 1926. Assigned to Western Electric Company. 
RECEPTION OF SIGNALS for securing high selectivity by reducing 
the frequency of the incoming signals through a series of steps. 
1,579,299—]. C. GABRIEL, of New York City. Filed February 1, 1924, 
issued April 6, 1926. Assigned to Western Electric Company, Іпсог- 


porated. 
TWO-WAY COMMUNICATION SYSTEM, in which a solenoid device 
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is provided for shifting over from transmitting to receiving positions in 
a radio telephone system. 


1,579,482—-J. J. JORGENSEN, of Balboa, Canal Zone, Panama. Filed 
March 19, 1925, issued April 6, 1926. 
VARIABLE AIR CONDENSER, where the rotor plates are mounted 
in an insulated frame spared from the end plates of the condenser by 
means of conical-shaped insulating devices. 

1,579,614—A. W. HORNING, of Chicago, Illinois. Filed March 5, 1925, 
issued April 6, 1926. 
RADIO WIRING SET, where the lengths of leads in a radio set are 
determined from patterns previously made up in the form of a dummy. 

1,579,669—E. A. SPERRY, of Brooklyn, New York. Filed March 12, 1920, 
(original); divisional filed August 21, 1922, issued April 6, 1926. 
RADIO REPEATER SYSTEM for securing simultaneous movement 
of an indicator at both transmitting and receiving stations automatically. 


1,579,894—H. C. SNOOK, of South Orange, New Jersey. Filed May 31, 
1922, issued April 6, 1926. Assigned to Western Electric Company, 
Incorporated. 

OSCILLATION GENERATOR, in which a tube having a divided space 
current path is arranged in an external circuit for setting up oscillations. 


1,579,895—H. C. SNOOK, of South Orange, New Jersey. Filed June 8, 1922, 
issued April 6, 1926. Assigned to Western Electric Company, Incorpor- 


ated. 

OSCILLATION GENERATOR, where the space current is increased 
in an electron discharge tube and the intensity thereof controlled by 
means of s supplemental control electrode arranged adjacent the grid. 


1,579,921—H. F. ELLIOTT and J. A. MILLER, of Palo Alto, California: 
Filed January 9, 1922, issued April 6, 1926. Assigned to Federal Tele- 
graph Company. 
MULTIPLE RADIO SYSTEM, where a plurality of arc transmitters 
may be operated in close proximity to each other without interference. 


1,579,930—A. HADDOCK, of East Orange, New Jersey. Filed September 
28, 1923, issued April 6, 1926. Assigned to Western Electric Company, 
Incorporated. 
RADIO TRANSMITTER, in which a mechanical switching device is 
provided for changing the transmitting wavelength of the antenna. 


1,579,935—R. A. HEISING, of East Orange, New Jersey. Filed August 17, 
1920, issued April 6, 1926. Assigned to Western Electric Company, 
Incorporated. 

RESONANCE INDICATOR for determining the frequency of the trans- 
mitting system at a broadcasting station. 


1,580,057—G. H. LEWIS, of Elizabeth, New Jersey. Filed April 12, 1922, 
issued April 6, 1926. 
ELECTRICAL CONDENSER AND METHOD OF MAKING AND 
ADJUSTING THE SAME, in which variation in the electrical capacity 
of condensers may be compensated by changing the area of a number of 
the plates. 

1,580,088—R. M. SANDERS, of New York City. Filed September 2, 1925, 
issued April 6, 1926. Assigned to Edward R. Tolfree. 
REMOTE CONTROL FOR RADIO SETS, wherein the conductors 
which deliver the audio frequency energy to a reproducer are also used 
for controlling a relay for putting on and off the filaments of the receiving 
sets. 

1,580,173—J. L. SECOR, of Mountainville, New York. Filed February 2, 
1924, issued April 13, 1926. 
VARIABLE CONDENSER, where minute adjustment of capacity may 
be made by selecting the number of stator plates actively in the circuit, 

1,580,261—C. V. LOGWOOD, of New York City. Filed July 12, 1919, issued 
April 13, 1926. 
ELECTRICAL SIGNALING SYSTEM, wherein a pair of electron tubes 
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are connected in balanced relationship for controlling an oscillation 
system. 

1,580,359—C. T. ALLCUTT, of Pittsburgh, Pennsylvania. Filed December 
30, 1920, issued April 13, 1926. Assigned to Westinghouse Electric & 
Manufacturing Company. 

RADIO RECEIVING SYSTEM of the heterodyne type where the sensi- 
tivity of the receiver is increased by circuit connections between the local 
source and the receiving circuits. 

1,580,409—E. E. CLEMENT, of Washington, D. C. Filed February 14, 
1925, issued April 13, 1926. Assigned to Edward F. Colladay. 
TRUNKING SYSTEM OF RADIO DISTRIBUTION for transmitting 
over a line wire system signaling current to a plurality of subscribers from 
a central station and supervising the operation of the receivers from a 
central point. 

1,580,423—P. E. EDELMAN, of New York City. Filed June 5, 1922, issued 
April 13, 1926. 

VARIABLE CONDENSER, wherein the rotor plates are locked to- 
gether by means of a locking pin which passes through all of the plate 
members for securing the plate members in position. 

1,580,446—J. SLEPIAN, of Wilkinsburg, Pennsylvania. Filed April 21, 

1921, issued April 13, 1926. Assigned to Westinghouse Electric & Manu- 
facturing Company. 
ELECTRON TUBE, including a cathode and an anode arranged in a 
vessel which is provided with a restricted portion for the passage of 
electrons between the cathode and anode through a small cross-sectional 
area. 

1,580,477--). SLEPIAN, of Wilkinsburg, Pennsylvania. Filed April 21, 
1921, issued April 13, 1926. Assigned to Westinghouse Electric & Manu- 
facturing Company 
OSCILLATION GENERATOR SYSTEM, in which a peir of two elec- 
trode valves are arranged in balanced relationship with an external elec- 
trode adjacent one of the valves for controlling the generation of oscilla- 
tions in the circuits thereof. 

1,580,509—D. G. LITTLE, of Edgewood Park, Pennsylvania. Filed June 3: 

1921, issued April 13, 1926. Assigned to Westinghouse Electric & Manu- 
facturing Company. 
COMBINATION OF INDUCTANCES FOR RADIO, for use in radio 
receiving sets for allowing the tuning of the antenna circuit to be varied 
without changing the amount of feed-back voltage induced in the grid 
circuit by the current in the plate circuit. 

1,580,536—B. ROSENBAUM, of Berlin, Germany. Filed August 26, 1921, 

issued April 13, 1926. Assigned to Westinghouse Electric & Manufac- 
turing Company. 
OSCILLATION GENERATOR, in which a plurality of electron tubes 
are arranged in co-operative relationship for varying the potential of the 
control electrode in each tube in accordance with variations of current 
in the wing circuit of another tube. 

1,580,538--С. SCHWARZ, of Charlottenburg, Germany. Filed October 31, 

1921, issued April 13, 1926. Assigned to Westinghouse Electric & Manu- 
facturing Company. 
CONNECTING ARRANGEMENT FOR HIGH-FREQUENCY 
TELEPHONY, wherein a calling device is provided at the receiving 
station and operated from the transmitting station by a control switch 
for operating the system for inter-communication 

1,580,621—G. J. MAHIEU, of Rio de Janeiro, Brazil. Filed March 13, 1925, 
issued April 13, 1926. 

VARIABLE CONDENSER, in which one side of the condenser is formed 
by a plurality of wedge-shaped plates arranged to be moved into or out 
of a set of correspondingly shaped plates. 

1,580,850—R. M. OTIS and W. F. FUNK, of East Orange, New Jersey and 
Midland Beach, New York, respectively. Filed June 29, 1925, issued 
Avril 13, 1926. Assigned to Bell Telephone Laboratories, Incorporated. 
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ELECTRON-DISCHARGE DEVICE, of high power construction, 
wherein a central rod is provided within the tube structure for carrying 
а corono shield thereon. 

1,850,855 - R. B. PRINDLE, of Schenectady, New York. Filed April 9, 
1925, issued April 13, 1926. Assigned to General Electric Company. 
COOLING SYSTEM FOR ELECTRICAL DEVICES, particularly 
adapted for maintaining the anode of a high power electron tube at uni- 
form temperature under conditions of electronic bombardment. 


1,580,873—). J. WELDON, of Pittsfield, Massachusetts. Filed June 7, 1924. 
issued April 13, 1926. Assigned to General Electric Company. | 
STATIC CONDENSER, where a plurality of condensers are each formed 
in a roll supported from a frame structure. 


1,580,898 C. IZENSTARK, of Chicago, Illinois. Filed June 7, 1922, issued 
April 13, 1926. 

CRYSTAL DETECTOR, where a swivel joint carried by a bracket mem- 
ber is provided for securing adjustment of the contact device with respect 
to the crystal. 

1, 580,899 J. B. JOHNSON, of Elmhurst, New York. Filed June 30, 1921, 
issued April 13, 1926. Assigned to Western Electric Company. 
APPARATUS FOR MODIFYING THE WAVE FORM OF ALTER- 
NATING CURRENT, including a vacuum tube having electrodes to be 
bombarded. the electrodes being of unequal thermal capacity with а 
source of alternating current connected to the electrodes and circuits so 
arranged for rendering the energy delivered to one of the anodes greater 
than that delivered to the other. 


1,581,085 --]. H. HAMMOND, JR., of Gloucester, Massachusetts. Filed 
roriginal., May 13, 1920; renewed August 15, 1924, issued April 13, 1926. 
TRANSMITTING AND RECEIVING SYSTEM, in which a selective 
forin of receiving apparatus is employed with a tube having a plurality 
of sets of grid and plate electrodes with associated circuits regeneratively 
coupled together. 

1,581,133 Е. Н. MACKENZIE, of Philadelphia, Pennsylvania. Filed Feb- 
ruary 15, 1924, issued April 20, 1926. 

RADIOAERIAL in the form of a coiled spring which may be expended 
for increasing the effective length and hooked between any suitable 
supports. 

1.581,161 -A. S. BLATTERMANN, of Little Silver, New Jersey. Filed 
April 18, 1921, issued April 20, 1926. 

MEANS FOR REDUCING INTERFERENCE AND OBTAINING 
where the transmitted energy is varied at an inaudible rate and a cor- 
responding variation effected at a selected receiving station. 


1,581.219 J. О. MAUBORGNE and GUY HILL, of Washington, D. C. 
Filed August 6, 1920, issued April 20, 1926. 

WAVE METER, employing a wave coil as a resonator by which the 
energy is picked up from a local emitter and the frequency thereof de- 
termined. 

1.581.264 P. HERZOG and LEO PUNGS, of Berlin and Charlottenburg: 
Ger... с. respectively. Filed August 27 1921, issued April 20, 1926. 
Assigned te Lorenz Aktiengesel!'schaft. 

RADIO SIGNALING SYSTEM having ieans for modulating a trans- 
mitting svstem for radiating only a single wave while maintaining the 
source of oscillations in stabilized condition. 

1.581.296 J. W. SCHMIED, of West Orange, New Jersey. Filed August 26, 

1922, issued April 20, 1926. Assigned to Western Electric Company, 
Incorporated. 
MODULATING CARRIER WAVES, by which increased high fre- 
quency voltage is impressed upon the transmitting circuit without 
utilizing a correspondingly increased voltage of the space current supply 
source of the vacuum tube system which produces the waves to be trans- 
mitted. 

1,581,356 C. LOFBERG, of Bogota, New Jersey. Filed December 16, 1924, 
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issued April 20, 1926. Assigned to Nelson Tool Company, Incorporated. 
RADIO CONDENSER, where the adjustable plates are arranged to 
slide with respect to the fixed plates under control of a rack and pinion 
mechanism. 

1,581,520—P. SCHWERIN, of New York City. Filed March 17, 1921, issued 
April 30, 1926. Assigned to Western Electric Company, Incorporated. 
VACUUM TUBE of high power construction, wherein a central stem 
is provided with arms extending therefrom for supporting the several 
electrodes of the electron tube. 

1,581,649 —A. LOPPACKER, of Bloomfield, New Jersey. Filed February 
6, 1922, issued April 20, 1926. Assigned one-half to himself and one-half 
to Frank J. Kent. 

DOUBLE-FACED DETECTOR ELEMENT, where the crystal is car- 
ried in a metallic sheet covering only the side walls of the crystal. 


1,581,701—A. H. TAYLOR, of Washington, D. C. Filed October 24, 1925, 
issued April 20, 1926. Assigned to Wired Radio, Incorporated. 
PIEZO-ELECTRIC CRYSTAL CONTROL SYSTEM, for maintaining 
the frequency of a high frequency signal system constant. 

1,581,992—R. WEBSTER, of Evanston, Illinois. Filed June 23, 1923, issued 

April 20, 1926. Assigned to Fansteel Products Company, Incorporated, 
or North Chicago, Illinois. 
RADIO DETECTOR OR AMPLIFICATION VACUUM BULB, hav- 
ing means for eliminating end fractions of the gaseous contents of a 
vacuum tube which consist in the plate element constructed of tantalum 
which when placed in a magnetic field during the process of manufacture 
tends to absorb gases within the tube. 


1,582,042—F. W. HENNESSY, of Providence, Rhode Island. Filed March 
3, 1924, issued April 27, 1926. 
RADIO APPARATUS, comprising a telephone and connecting cords 
with a tip member which includes a rectifier unit. The telephone and 
connecting cords may be used together as a radio audibility unit, the 
rectifier being connected in series with the telephone. 


1,582,177—]. Н. HAMMOND, JR., of Gloucester, Massachusetts. Filed 
(original), September 25, 1917, issued April 27, 1926. 
SYSTEM OF RADIO TELEGRAPHY AND TELEPHONY, in which 
the transmitting circuit is provided with a saturable core with an alter- 
nator for producing pulsations in the transmitting circuit and means 
actuated in synchronism with the alternator for causing saturation of the 
core to impress amplitude variations upon the impulses. 


1,582,194—B. TRIVUS, of Providence, Rhode Island. Filed April 12, 1925, 
issued April 27, 1926. 
DETECTOR of the crystal type where a metallic contact is carried by 
a bracket member and is adjustable with respect to a rectified crystal. 


1,582,270—H. C. SNOOK and J. B. JOHNSON, of South Orange, New Jersey, 
and Elmhurst, New York, respectively. Filed March 18, 1922, issued 
April 27, 1926. Assigned to Western Electric Company, Incorporated. 
METHOD OF AND MEANS FOR GENERATING ELECTRIC 
OSCILLATIONS by means of a discharge tube having an abnormal space 
charge. 

1,582,441—С. H. VOTEY, of Hartsdale, New Jersey. Filed September 14, 
1923, issued April 27, 1926. Assigned to The Aeolian Company. 
MEANS FOR HOUSING THE RECEIVING LOOPS IN RADIO. SET 
CABINETS, where the loop is mounted on the cabinet door in such man- 
ner that it may be adjustable into any plane for securing desired directive 
reception. 

1,582,460—L. Е. FULLER, of Palo Alto, California. Filed June 13, 1922, 
issued April 27, 1926. Assigned to Wireless Improvement Company. 
SIGNALING SYSTEM, utilizing an arc transmitter where an auxiliary 
ionizing discharge is produced in or about the arc space and this ionized 
discharge interrupted at the end of each signaling impulse whereby the 
arc may be intermittently established in accordance with signals. 
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1,582,519—C. Н. HULBERT and W. J. TIDEMAN, of Menominee, Michi. 
gan. Filed January 10, 1923, issued April 27, 1926. Assigned to Signal 
Electric Manufacturing Company. 
VARIABLE CONDENSER, having а minimum number of movable 
parts where the parts are concentrically arranged, one being movable 
with respect to the other for semi-circular displacement. 

1,582,555—E. R. STOEKLE, of Milwaukee, Wisconsin. Filed March 27, 
1925, issued April 27, 1926. 
DEVICE FOR CONTROLLING AND INDICATING THE TUNING 
OF RADIO INSTRUMENTS AND THE LIKE, where a plurality of 
condensers are arranged on the same shaft and each adjustable by means 
which indicate the relative position of the several rotors of the condensers. 


1,582,695—B. ROSENBAUM, of Berlin, Germany. Filed September 2, 
1921, issued adde H 1926. Assigned to Westinghouse Electric & Manu- 
facturing Compa 


RADIO COMMUNICATION SYSTEM for remotely and selectively 
connecting a plurality of receiving stations which may have time clock 
mechanism installed therein. 

1,582,720—V. K. ZWORYKIN, of Kansas City, Missouri. Filed February 
16, 1922, issued April 27, 1926. Assigned to Westinghouse Electric & 
Manufacturing Company. 
METHOD OF TREATING VACUUM TUBES. By subjecting the elec- 
trodes of the electron tube to the action of a high frequency magnetic 
field which tends to heat the electrodes for driving out occluded gases at 
the same time that a periodically reversing potential is applied to the 
control electrodes. 

1,582,780—P. T. PLATT, of Norfolk Downs, Massachusetts. Filed April 
6, 1925, issued April 27, 1926. 
RADIO WAVE METER, including an oscillating electron tube circuit 
with a grid leak and grid condenser arranged to produce a grid choking 
action for breaking up the radio frequency oscillations into groups at an 
audible rate. 

1,582,826—A. A. KENT, of Ardmore, Pa. Filed May 8, 1925, issued April 
27, 1926. 
PANEL CONDENSER for mounting within а radio receiver where 
the rotor and stator elements are supported from the panel structure of 
the receiving apparatus. 

1,582,975—S. B. GARCELLANO, of Charleston, South Carolina. Filed 
November 7, 1924, issued May 4, 1926. 
BREAK RELAY FOR RADIO RECEIVING-SENDING SETS for 
permitting intermittent transmission and reception without interference 
of the transmitting set upon the local receiver. 

1,583,071—A. A. KENT, of Ardmore, Pennsylvania. Filed May 12, 1925, 
issued May 4, 1926. 
PANEL CONDENSER for mounting with respect to the panel of a radio 
receiving apparatus cabinet where the stator plates are mounted on a 
е supported from the panel and adjustable with respect to the rotor 
plates. 

1,583,123—L. M. E. CLAUSING, of Chicago, Illinois. Filed August 16, 
1923, issued May 4, 1926. 
SYSTEM FOR GENERATING RADIO FREQUENCY CURRENTS, 
by employing a plurality of tubes upon which are impressed low fre- 
quency alternating currents for deriving a high frequency oscillating cur- 
rent in the transmitting circuit. 

1,583,306—W. W. NEVINS and R. L. WALKER, of College Park and At- 

lanta, Georgia, respectively. Filed October 7, 1924, issued May 4, 1926. 

Assigned to A. E. Hill Manufacturing Compan 
ELECTROSTATIC CONDENSER, in which. alternating conductive 


and insulated sheets of circular shape are stacked within a metallic con- 
tainer and clamped under pressure. 


1,583,414—E. W. B. GILL and E. GREEN, of Oxford, and London, England, 
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respectively. Filed October 31, 1925, issued May 4, 1926. 
VACUUM TUBE SHIELD for surrounding an electron tube and con- 
fining and serving to control the distribution of electrostatic field therein. 


1,583,463—W. G. HOUSEKEEPER, of New York City. Filed July 13, 1920, 
issued May 4, 1926. Assigned to Western Electric Company, Incor- 
porated. 

ELECTRON DISCHARGE DEVICE, of high power construction in 
which a cooling system is provided for maintaining the temperature of 
the electrodes at a uniform condition. 


1,583,471—A. A. KENT, of Ardmore, Pennsylvania. Filed May 12, 1925, 
issued May 4, 1926. 
PANEL CONDENSER, wherein the rotor and stator elements of the 
condenser are supported in insulated relationship to a metallic panel of а 
radio receiving set. 


1,583,499—P. M. SMITH and E. M. SQUAREY, of East Orange and South 
Orange, New Jersey, respectively. Filed April 28, 1924, issued May 4, 
1926. Assigned to United States Tool Company, Incorporated. 
ROTOR SYSTEM FOR CONDENSERS, where the rotor plates of a 
condenser are constructed on a single integral sheet of metal. 


1,583,503—E. M. SQUAREY, F. KOCH and A. E. BORTON, of South 
Orange and East Orange, respectively. Filed April 28, 2924, issued May 
4, 1926. Assigned to United States Tool Company, Incorporated. 
CONDENSER PLATE SYSTEM, where the plates are formed from a 
single piece of sheet metal with the plates folded and joined by integral 
tangs at the edges thereof for facilitating the manufacture of the con- 
densers. 

1,583,634 —Т. E. WHITE, of Waterbury, Connecticut. Filed May 17, 1924, 
issued May 4, 1926. 
VARIABLE CONDENSER where the adjustable plates are semi- 
circular in shape and may be varied in relation to stationary plates of 
circular shape. 


Digitized by Google 


PROCEEDINGS OF 
Che Justitute of Radin Engineers 


Volume 14 AUGUST, 1926 Number 4 


CONTENTS 


PAGE 
424 


425 
126 


OFFICERS AND Boarp or DIRECTORS 
COMMITTEES. 

INSTITUTE AFFAIRS 

431 
44] 


С. M. JANSKY, JR., “COLLEGIATE TRAINING FOR THE RADIO ENGINEERING 
Кі”, 
DISCUSSION ON JANSKY PAPER 


AvausT HUND, ''Usks AND POSSIBILITIES OF PIEZOELECTRIC OSCILLATORS” 447 
M 


Everett N. Curtis, “SAFEGUARDS FOR THE RADIO INVENTOR . . . 471 

D. Ц. иттік AND В. Г. Davis, “КОКА”. . . . . . . . . 479 

Н. T. Енпв лхо E. Bruce, “А Влото FIELD- STRENGTH MEASURING 
SYSTEM FOR FREQUENCIES UP To Forty MEGacycLES" . . . 507 


А. Hoyt TAYLOR, “RELATION BETWEEN THE HEIGHT OF THE KENNELLY- 
HEavisiDE LAYER AND HIGH FREQUENCY Rapio TRANSMISSION 


PHENOMENA” 521 


LEE MANLEY ANDW. E. GARRITY, “SERVICING OF BROADCAST RECEIVERS” 541 


GENERAL INFORMATION 


The PnockEEpniNGs of the Institute are published every two months and 
contain the papers and the discussions thereon as presented at the meetings 
and at the Sections in the several citieslisted on the following page. 


Payment of the annual dues һу a member entitles him to one copy of 
each number of the PROCEEDINGs issued during the period of his membership. 


Subscriptions to the PRocEEDINGS are received from non-members at the 
rate of $1.50 per copy or $9.00 per year. To foreign countries the rates are 
$1.60 per copy or $9.60 per year. А discount of 25 per cent is allowed to 
libraries and booksellers. 

_ The right to reprint limited portions or abstracts of the articles, discus- 
sions, or editorial notes in the PROCEEDINGS is granted on the express con- 
ditions that specific reference shall be made to the source of such material. 
Diagrams and photographs in the PROCEEDINGS may not be reproduced with- 
out securing permission to do so from the Institute thru the Editor. 


It is understood that the statements and opinions given in the PROCEED- 
INGs are the views of the individual members to whom they are credited, and 
are not binding on the membership of the Institute as а whole. 


PUBLISHED BY 
THE INSTITUTE OF RADIO ENGINEERS, INC 
37 WEST 39TH STREET, NEW YORK. N. Y, 


OFFICERS AND BOARD OF DIRECTION, 1926 


(Terms expire January 1, 1927; except as otherwise noted) 


PRESIDENT 
DonaLtp McNicou 
JUNIOR PAST-PRESIDENTS 
J. H. DELLINGER 
(Term expires January 1, 1928) 
J. H. MORECROFT 
VICE-PRESIDENT 
HarPH Bown 
TREASURER SECRETARY 
WARREN К. HUBLEY ALFRED N. GOLDSMITH 
PUBLICATION OF “PROCEEDINGS” 
ALFRED N. GOLDSMITH, editor 
СкоксЕ В. METCALFE, assoc. editor 
MANAGERS 
(Serving until January 1, 1927) 
Ілоуүр EsPENscCHIED L. A. HazELTINE 


А. H. GREBE J. V. L. HOGAN 
GEORGE LEWIS 


(Serving until January 1, 1928) 


MELVILLE EASTHAM А. E. ВЕОСВ 
(Serving until January 1, 1929) 
В. Н. MARRIOTT L. E. WHITTEMORE 
WASHINGTON SECTION 
CHAIRMAN SECRETARY-TREASURER 
A. Hoyt TAYLOR T. Parkinson, Bureau of Standards, 


Washington, D. C. 
BOSTON SECTION 


CHAIRMAN SECRETARY-TREASURER 
Grorce W. Pierce  MeLviLLE EasTHAM, 11 Windsor St., Cambridge, Mass. 


SEATTLE SECTION 
CHAIRMAN SECRETARY-TREASURER 
JoHN GREIG В. B. WiLsoN, 1132 Highland Ave., Bremerton, 
Washington 


SAN FRANCISCO SECTION 


CHAIRMAN | SECRETARY-TREASURER 

J. К. DILLON D. B. McGows, Custom House, San Francisco, Cal. 
| CHICAGO SECTION 
CHAIRMAN SECRETARY 


Мохтғокь Morrison L. К. Scumitr, Morkrum Kleinschmidt Corporation, 
Chicago, Illinois 


CANADIAN SECTION 
CHAIRMAN SECRETARY 
C L RICHARDSON W.J. Hevey, Radio News of Canada, 257 Adelaide St. 
W., Toronto 
C, C. MEREDITH, 110 Church St., Toronto, Asst. Secy. 


PHILADELPHIA SECTION 


CHAIRMAN SECRETARY 
STUART BALLANTINE W. L. Sayre, 401 So. Main St., North Wales, Pa. 
ROCHESTER, N.Y., SECTION 
CHAIRMAN SECRETARY * ack 
V. M. GRAHAM Harvey Космы, 34 Clinton Ave. N., Rochester, №. Y. 


121 


COMMITTEES OF THE INSTITUTE OF RADIO 
ENGINEERS, 1926 


Committee on Meetings and Papers 


R. H. Marriott, Chairman 
J. H. DELLINGER 

CARL DREHER 

D. K. MARTIN 

Erich HAUSMANN 

H. Е. Dart 

A. N. GOLDSMITH 

В. А. HEISING- 

W. В. С. BAKER 


Commiltee on Institule Sections 
M. B. SLEEPER, Chairman 
L. Е. FULLER 
лу Н. GAGE 
L. G. PACENT 
M. C. RYPINSKI 


Committee on Admissions 
Клірн Bown, Chairman 
E. H. ARMsTRONG 
А. H. GREBE 
L. A. HAZELTINE 
В. Н. MARRIOTT 
Frepk К. VREELAND 


Committee on Revision of the | 


Constitution 
J. Н. DELLINGER, Chairman 


J. У. L. HOGAN 
J. Н. Morecrorr 


Committee on Publicity 
W. С. H. Ехсн, Chairman 
Davip С. САЗЕМ 
Epcan FELIX 
ARTHUR LYNCH 
В. Е. YATES 


Committee on Standardization 


І. Е. WuirrEMORE, Chairman 


E. H. ARMsTRONG 


R. BowN 

EDWARD BENNETT 
A. J. CARTER 

L. W. CHUBB 

J. H. DELLINGER 
A. N. GOLDSMITH 
J. У. Г. HOGAN 

C. B. JOLIFFE 
В.Н. Manson 
LesLiE McMicHAEL 
В. Н. LANGLEY 

Н. S. OsBoRNE 

А. E. ВЕОСН 

T. В. Возеввссн 
Н. M. TURNER 

L. A. HAZELTINE 
BowbEN WASHINGTON 


Соттшее оп Membership 


Н. Е. Danr, Chairman 
M. C. BaTSEL 

M. BERGER 

STUART BALLANTINE 
GEORGE BURGHARD 
Davip G. CASEM 
FRANK CONRAD 

F. A. CANAVACIOL 
Dr. L. J. DUNN 

C. M. JANsky, JR. 

A. R. NiLsoN 

С. L. RICHARDSON 
Cor. J. F. DILLON 
W. G. Н. FiNcH 

S. KRUSE 

Е. R. SHUTE 

C. P. EDWARDS 

G. №, TURNER 


Committee on Finance 


E. B. MarLory, Chan тап 
W. F. HUBLEY 
M. C. RYPINSKI 


COPYRIGHT, 1926, BY 
THE INSTITUTE OF RADIO ENGINEERS, iNc. 
37 West 39TH STREET 
New York, N. Y. 


INSTITUTE ACTIVITIES 
Elected and Transferred to Member Grade 


Members elected and transferred at the June 2nd meeting 
of the Board of Direction. The report of the Admissions Com- 
mittee for May was approved, authorizing the election or trans- 
fer to grade of Member of the following: Zeh Bouck, Axel G. 
Jensen, H. T. Friis, H. H. Beverage, O. G. Mauro, D. F. Whiting, 
I. S. Bobrovsky, Н. Н. Bouson, E. E. Freeman, Г. S. Hawkins, 
Coke Flannigan, F. J. Kahn, P. H. Boucheron, R. S. Kruse, 
Harris J. Rogers. 


Washington, D. C., Section 


A meeting of the Washington Section was held in the Depart- 
ment of Commerce building at Washington on April 14th, 1926. 
А talk on “The Translation of Eleetro-Mechanical Movements 
Into Sound Vibrations,” was given by Mr. M. С. Hopkins. Mr. 
Hopkins demonstrated with apparatus the possibility of repro- 
ducing the deep base notes sometimes lacking in radio reception. 

The Section also held a regular meeting on May the 12th, at 
which a talk was given by Mr. George Clark on the subject “The 
Evolution of Radio.” 


Rochester, N. Y., Section 


A meeting of the Rochester Section was held on April 21st, 
jointly with the Rochester Engineering Society. Seventy-five 
members and guests were present. A talk was given by Mr. 
Harry Sadenwater who described the Broadcasting Stations 
WGY, КОА, and КСО, also the fiftv-kw. transmitter at Sehen- 
ectady. А meeting was held on May 21st, a talk being delivered 
by Mr. L. €. F. Horle on the subject “New Developments in 
Radio." A paper was read also on the subject of “Design of 
Radio Amplifier Cireuits,” by Mr. K. Henderson. 


San Francisco Section 
The San Francisco Section held a meeting on May 20th in 
the auditorium of the Pacifie Gas and Electrie Company, San 
Vraneisco, Mr. С. W. Latimer gave a talk dealing with the High 
Power 'lrans-Oceanie System. of the Radio Corporation of 
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America, illustrated with motion pictures and slides. Mr. В. E. 
Mathes gave a detailed explanation of the operation of the system 
of Photo-Radio Transmission employed by the Radio Corpora- 
tion of America. The talk was illustrated by lantern slides. 
Fifty-two members were in attendance. 


Philadelphia Section 


A re-organization meeting was held by the members of the 
Philadelphia Section on May 21st. "Very interesting talks were 
given by Stuart Ballantine, W. L. Sayre and David P. Gullette. 
А meeting was held on July 12th, at which 100 members were 
present. А paper, illustrated with slides was read by У. E. 
Holland, on the subject “А, B and C Power from Alternating 
Current Sources." 'The next meeting of the Section will be held 
about September 15th. 


Proposed Section at Detroit 


A preliminary meeting was held by Institute members in 
Detroit, Michigan, on May 22nd, twenty-seven being present. 
The purpose of the meeting was to consider the proposal to estab- 
lish a Section at Detroit. Temporary officers were elected as 
follows: W. A. Pedersen, temporary chairman; E. H. Clark, 
temporary vice-chairman; W. R. Hoffman, temporary secretary- 
treasurer. | 

Аз soon as the plans are completed the Section will be placed 
on & permanent basis and will hold regular technical meetings. 
At the preliminary meeting thirty-four members were present. 


Proposed Section at Hartford, Conn. 


À meeting was held in Hartford, Connecticut, on May 26th, 
with the object of determining whether or not а Section of the 
Institute can be established and operated to advantage with 
headquarters at Hartford. Among.those who attended the pre- 
liminary meeting were: Dr. W. G. Cady, Dr. K. S. Van Dycke, 
H. P. Maxim, R. B. Bourne, К. B. Warner, А. L. Budlong, А. А. 
Herbert, F. E. Handy, F. C. Beekley, C. B. Rodimon, J. M. 
Clayton, H. P. Westman, R. S. Kruse. 

A second meeting was held at Scott Laboratory, Wesleyan | 
University, Middletown, Connecticut, on June 22nd, at which 
Dr. Cady and Dr. Van Dycke discussed the theoretical and 
practical aspects of the Piezoelectric Crystal with special 
reference to radio applications. 
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Employment 


At Institute headquarters occasional calls are received for 
radio engineers and technicians. The Institute does not main- 
tain an employment bureau, but the headquarters staff will be 
glad to receive inquiries from employers concerning their staff 
needs. "The technical experience of those looking for employ- 
ment is a matter of regard at headquarters and such information 
can be given to employers when so authorized by applicants for 
employment. 


Toronto Section 


The Toronto Section held а meeting on May 5th at which 
а paper was read by Mr. D. Hepburn on the subject of “‘Resist- 
ance, Reactance and Inductance.” The officers elected to serve 
during the coming year are: Honorary Chairman, Professor T. R. 
Roseburgh; Chairman, D. Hepburn; Vice-Chairman, George F. 
Eaton; Secretary, C. C. Meredith; Assistant Secretary, C. I. 
Soucy; Treasurer, А. L. Ainsworth. 

The Canadian Section is planning having one or two summer 
outings, possibly at Niagara Falls, to which all members of the 
Institute in Ontario and Quebec, as well as Northern New York 
State will be invited to attend. 

The Section proposes to hold meetings in a lecture room of 
the Electrical Engineering Department, University of Toronto, 
once a month, except June, July and August. The number of 
Institute members in Canada continues to increase satisfactorily. 


Meetings and Papers Committee—Note on Illustrations 


Illustrations should be deep black on white on separate sheets. 
Letters and numerals should be as large as practical. А 
wiring diagram and a curve or family of curves is usually quite 
plain when reduced to very small dimensions; however, the numer- 
als and letters nust be relatively large to remain readable. More 
coordinate lines than necessary interfere with reduction. Sheets 
much larger than the curves are а waste of space. 

The cost of cuts is proportional to their area and the cost of 
publications is proportional to the number of pages. 

If the illustrations are not suitable, either the Institute must 
pay for reducing, or other illustrations must be requested from 
the author. 

Illustrations that make the important points plain at a glance 
are very desirable because they save the time of the reader, but 
jllustrations which do not add anything or embody confusing 
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non-essentials irritate the readers and add useless cost to the 
PROCEEDINGS. 


Papers Available in Pamphlet Form 


In addition to the list of papers available in pamphlet form 
given on page 277 of the June PROCEEDINGS, we have available 
in this form a paper on “Some Measurements of Short Wave 
Transmission," by В. А. Heising, J. C. Schelleng and С. С. 
Southworth, and a paper on “Combined Electromagnetic and 
Electro Static Coupling and Some Use of the Combination,”’ 
by Edward H. Loftin and S. Young White. Copies of these 
papers may be procured free by members by writing to the 
Secretary. 


New Members and Transfers 


Associates transferred to the grade of Member at the meeting 
of the Board of Direction on June 30th were E. W. Dannals, 
H. О. Horneij, R. W. Augustine, W. P. Powers, S. W. Dean, А. E. 
Harper, G. E. Burghard and А. T. Murray. Direct election to 
Member grade: А. J. Carter, J .D. Relyea and H. А. Oleson. 


No New York Meetings in July or August 


There are no technical meetings held in New York in July 
or August, but the offices of the Institute are open continuously 
for the transaction of business. 


Work of Standardization Committee 


А meeting of Subcommittee No. 1 on Vacuum Tubes was 
held on May 28th in New York under the chairmanship of L. À. 
Hazeltine. А preliminary report describing methods of measure- 
ment of the important characteristics of vacuum tubes has been 
prepared by the Subcommittee and will be given further con- 
sideration at à meeting to be held within a few weeks. 


COLLEGIATE TRAINING FOR THE RADIO ENGINEER- 
ING FIELD* 


Ву 
C. M. JANSKY, JR. 


(ASSISTANT PROFESSOR, RADIO ENGINEERING, UNIVERSITY OF MINNESOTA) 


Every discovery in the field of abstract science is quickly 
followed by the adaptation of the new knowledge gained to the 
benefit of civilization. We have grown to expect this. The 
average individual today takes his radio receiving set and the 
programs it gives him very much for granted, just as he does his 
electric lights and his telephone. The engineer has developed 
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Figure 1 —EKlectrieal Engineering Building— University of Minnesota 
(The Communication Laboratories occupy the third floor of this building) 


these instruments of usefulness to a point where neither knowl- 
edge nor effort is required to operate them. Аз а result we must 
not be surprised to see a general lack of appreciation by the publie 
of the intricacies of modern electrical apparatus and the work of 
those who have developed it. 


*Received by the Editor May 5, 19206. | 
Presented before the Chicago Section, INSTITUTE ОЕ RADIO ENGINEERS, 
March 4, 1926, and at the New York meeting June 2, 1926. 
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Scientific development may be classified under two heads: 
that which increases our knowledge concerning fundamental 
physical phenomena and that which concerns itself with the 
development of apparatus and equipment the operation of which 
is based on these phenomena. Those studies which increase our 
knowledge concerning the nature and behavior of electricity belong 
to the field of physics. Those studies which have as their aim the 
development of apparatus and equipment utilizing fundamental 
electrical phenomena belong to the field of electrical engineer- 
ing. An extreme physicist may be defined as one who, when he 
sees а practical application of his work, shies as far away from 
it as he can. An extreme “practical engineer" might be 
defined as one who, if he cannot see a practical application 
of a particular line of study, leaves it to others. As a matter 
Of fact the most abstract theoretical physical investigations 
have often turned out to be of the greatest practical value. 
which proves that the distinction is not always an easy one 
to make. A striking illustration of this is the immense practical 
value of the theoretical investigations made over halí a 
century ago by Clerk Maxwell in the field of electromagnetic 
radiation. 

The field of electrical engineering may be roughly divided 
into two major divisions: electric power engineering and com- 
munication engineering. Until recently the magnitude of the 
power industry has overshadowed that of the communication 
industry. Аз а result, most collegiate courses in electrical engi- 
neering have been and in fact are today primarily courses designed 
to train men for the power field. By this I mean that in courses 
required of all students the fundamentals of electrical theory are 
taught by the aid of problems and illustrations which are almost 
entirely drawn from the power field. An analysis of the text- 
books and laboratory manuals used in such courses will sub- 
stantiate this statement. The fact that elective courses devoted 
entirely to the communication field are open to electrical students 
in addition to their required work does not alter the situation. 
А course of training which required of students a knowledge of 
the power field and leaves as optional а knowledge of the com- 
munication field will give the graduate а very lopsided view of 
electrical engineering in general. It 1s not difficult today to sub- 
stantiate the statement that the communication industry is as 
important a factor in our civilization and offers as great oppor- 
tunities to the graduate of electrical engineering as the power 
industry. Any discussion of the training of men for the field of 
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communication engineering which does not take account of this 
fact will fail of its purpose., 

It is easy to say, and has often been said, that a course in 
electrical engineering should be based upon fundamentals. There 
is. however, often a wide difference of opinion as to what are and 
what are not fundamentals. Since physical knowledge is a basis 
for electrical engineering, and therefore radio engineering, it is 
obvious that & thorough course in physics should be an essential 
part of any training for the radio engineer. It is difficult to see 
how an understanding of complex radio phenomena can be ob- 
tained without the aid of a thorough knowledge of such physical 
concepts as force, mass, power, work, etc. Yet although courses 
in physics are an integral part in the training of all electrical 
engineers, I have yet to meet a group of senior students who did 
not have а hazy idea concerning these obvious fundamentals. 
More emphasis could well be placed on them. 

A second obvious fundamental subject essential to any course 
in radio engineering is mathematics. Mathematics to the engineer 
is a tool which permits him to carry a number of variable quan- 
tities through transformations which enable him to check experi- 
ment or predict results. The engineer is at times inclined to look 
askance at the mathematician who studies his science for its own 
sake. Here again we must not forget that the most abstract 
investigations in mathematics may lead to the development of 
extremely practical tools which may be of great assistance to the 
graduate engineer. Examples of this are as plentiful in the field 
of pure mathematics as they are in the field of physics. 

The importance of thorough training in physics and mathe- 
maties for engineers has been the subject of so much discussion 
by writers on education that the subject has become hackneyed. 
Yet no one will deny that many of our educational institutions 
continue to grind out graduates woefully deficient in this respect. 
The answer I presume is that to acquire а knowledge of these 
subjects, the student must cease to become a mere receptacle 
for information poured into him and must think for himself. 
It is much easier both from the standpoint of the teacher and 
the student to fill a student's head than it is to teach him to use it. 

There is one other group of course incorporated in the cur- 
ricula of most of our technical colleges, which I would designate 
as fundamental. This group includes those courses designed 
to increase the ability of the student to express himself either on 
paper or before an audience by word of mouth. The business of 
a lawyer requires that he analyze situations and present his 


434 С. M. JANSKY, JR.: COLLEGIATE TRAINING FOR RADIO ENGINEERING FIELD 


analysis to others with conviction. The engineer deals with 
highly technical and intricate developments. То leave presen- 
tation of those developments to the general public to others with 
less knowledge than himself, is to rob himself of the rewards 
which are justly his due. То command public attention, the 
engineer must be able to present his developments forcefully to 
those outside his profession. Mathematics is a useful tool, but 
its use is limited to those who understand it. The written and 
spoken word is the universal tool of civilized man. 

Those of us in educational work are constantly charged with 
teaching too much application and not enough fundamentals. The 
cry of many in the industry is ‘‘give your students a knowledge of 
the fundamental physical sciences; leave the teaching of applica- 
tion to us. We can teach application better than you." Now if 
this be true, then why does not the industry turn a cold shoulder 
to electrical engineering graduates and draw its recruits entirely 
from those who have had training only in the field of abstract 
science, because, after all, electrical engineering is only applied 
physics. Yet even those who insist that the teacher should con- 
fine his attention to fundamentals, hire more engineers than they 
do physicists. 

This leads to the question: what is the difference between a 
training in abstract; mathematics and physics and a training in 
electrical engineering. The difference is that the student in 
electrical engineering has been taught to apply his physics to 
concrete engineering problems. It is entirely possible and even 
probable that the concrete problems used for illustrations will 
never be of any use to the engineer after he has graduated. This 
is not important. However, the ability to apply abstract science 
is as essential to the success of an electrical industry as is a knowl- 
edge of it. No one will, I think, argue that the teaching of the 
methods of applications should be left entirely to the industry 
itself. It it should, then courses in Electrical Engineering should 
be abolished. 

The manufacturer who hires electrical graduates is very likely 
to analyze one of his recruits as he would the raw product he 
expects to use in his factory. For his purpose the graduate should 
have certain characteristics which would best fit him for work 
in his organization. Having told educators what characteristics 
he desires in his recruit engineers, why, he asks, does not the 
educational institution turn its attention to turning out a product 
which will have these characteristics. This might be possible 
were it not for the fact that the engineering student is not a piece 
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of material, but, on the contrary, is a human individual. During 
the entire period of his scholastic training the average student is 
trying to answer the very important question, “Іп just what 
kind of work and in what branch of engineering will I be hap- 
piest and most successful?" 

No one can deny that the initial selection of a job made by 
the young graduate 1s of great importanee. It 15, therefore, the 
duty of the edueator to give to the student as great an insight 
into the problems and opportunities of the various fields of clec- 
trieal engineering as possible to the end that the graduates' 
initial choice may be a wise one. The presentation of engineering 
problems to the student which have been drawn from all branches 
of the industry, and which, in so far as possible, give the student 
some realization of what may lie beyond, is an admirable way of 
assisting the student in his efforts to select his life work wisely. 

À serious criticism of an electrical engineering curricula which 
in its required courses draws all of its illustrative problems from 
the power field, is that graduates will select work in this field to 
the exclusion of all others. Men are loath to enter a line of work 
the problems and opportunities of which they know nothing. 
The communication industries have in the past found it very 
difficult to obtain engineering recruits for this reason. Men who 
have had a thorough training in courses drawing illustrations 
from the electric power ficld, may make as good communication 
engineers as anybody else, but in most instances the communica- 
tion industry will never get them. 

А properly-balanced course in electrical engineering ш some 
good college or university undoubtedly offers the best training 
for the average prospective radio engineer. И the required work 
of this course does not give the student the fundamentals of elec- 
tricity as applied to the communication problems, then the stu- 
dent should take elective courses designed to give him these fun- 
damentals. The fact that these courses may be elective and may 
be titled "Telephony and Telegraphy" or “Radio Communica- 
tion," does not necessarily mean that they are any more special- 
ized than his required courses or that the teacher is concerned 
only with the application of fundamentals learned elsewhere. On 
the eontrary, they are probably as fundamental and basie as any 
other courses he may be required to take, and may provide the 
only means of giving the material necessary to an understanding 
of the fundamentals of electricity as applied to the communica- 
tion field. The theory of the vacuum tube, the theory of coupled 
Circuits, the radiation of electro-magnetic waves, distortion of 
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wave form, the theory of circuits containing distributed capaci- 
tance, inductance, and resistance, and the meaning and measure- 
ments of transmission loss and gain are subjects which are not 
always sufficiently emphasized in average electrical engineering 
curricula of today for those who expect to become communication 
engineers. 

One outstanding characteristic of the radio communication 
field is the number of new problems which are met at every turn. 


Figure 2—Short-wave Radio Telegraph Transmitter and Broadcast Trans- 
mitter—University of Minnesota Experimental Radio Station 


(The short-wave transmitter was designed and built by students in the 
Department of Electrical Engineering) 


Amateurs and broadcast listeners are continually trying new 
circuits and apparatus, most of them, it is true, with very little 
knowledge of what they are doing. The radio field offers an 
excellent opportunity for individual investigation on the part 
of the engineering student. Such work should not, however, be 
undertaken until the student has secured sufficient fundamental 
knowledge to derive some benefit from his experiments. In col- 
leges having large registration it is difficult to give the student 
sufficient opportunity to exercise his own initiative. The labora- 
tory work in courses containing a large registration must, of 
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necessity, be largely stereotyped. The student's experiments 
are outlined for him so that he knows what data to take, how to 
take it and what conclusions to draw. In an independent inves- 
tigation the student is given a problem for which he must develop - 
his own line of attack. He must decide upon what data he needs, 
what conclusions he can draw, and more important than anything 
else he should criticize his own results and judge their value. 

During the past few years the writer has had a number of 
senior and post-graduate students working under him on individ- 
ual investigations. The selection of a problem for the student 
ік based on (1) his interest, (2) his ability to get somewhere with 
the problem, (3)the availability of equipment, and (4), the value 
of the results expected from the investigation. 

In industrial work the last-mentioned point is all important. 
[n educational work, except with candidates for higher degrees, 
itis of minor importance. The main object is to give the student 
training in the methods of independent investigation. The prog- 
ress which I have seen students make in the development of their 
ability to analyze а problem, to search literature, and to take 
and draw conclusions from experimental data has been very 
gratifying and has convinced me of the value of scholastic train- 
ing of this sort in spite of the amount of work it requires on the 
part of the teacher. 

One of the peculiarities of radio communication is the fact 
that while man designs and builds the equipment necessary for 
the transmission and reception of radio waves he has no control 
and in fact very little knowledge of the transmission system he 
uses, Radio engineering today concerns itself largely with the 
design and construction of transmitting and receiving apparatus. 
Our knowledge of what goes on between transmitter and receiver 
and what conditions influence the strength and readability of 
signals at distant points is as yet very limited. "This knowledge 
is largely of a statistical nature based on experience. 

In view of the importance of the transmission medium in our 
communication system it would seem that some contact with it 
by the prospective radio engineer would at least be desirable. 
І know of no better method of studving transmitting and receiv- 
ing conditions than by the actual transmission and reception of 
radio messages. Many a radio engineer became interested in his 
field as an amateur or commercial operator. 

The American Radio Relay League deserves much credit for 
the stimulation it has given to amateur operation of radio stations 
and to interest in non-commercial experimental work. It would 
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seem that a closer alliance between this organization and our 
educational institutions would help to give students contact with 
actual radio communication and would in many other ways be 
mutually beneficial. 

At the University of Minnesota Department of Electrical 
Engineering, we maintain an experimental radio station which 
serves a number of useful purposes. The station carries on ex- 
tensive communication by short wave radio telegraphy with 
other experimental stations and amateur stations located all over 
the world. All construction and operation is carried on by a staff 
of student operators under faculty direction. This year the staff 
has eighteen members. The station is in operation normally 
about eighty hours each week. Actual transmission is carried on 
by men who have had extensive amateur or commercial operating 
experience. Other students not qualified operators are given the 
opportunity to design and construct equipment. Students may, 
if they choose, obtain a limited amount of credit towards gradua- 
tion for work done in the radio station. 

It is distinctly not the purpose of this work to train radio 
operators. Its principal object is to keep both students and 
faculty in touch with transmitting and receiving conditions as 
they actually exist.  Incidentally, the experimental station 
vields much valuable information concerning transmitting con- 
ditions and also provides an excellent means for testing radio 
apparatus under conditions which stimulate those met in com- 
mercial practice. 

Any student activity, the success of which requires respect 
for authority, systematized procedure, the ability to assume re- 
sponsibility, co-operation with others, and yet permits an exer- 
eise of individual initiative cannot but help to train men to better 
meet the problems which will confront them when they enter 
modern industrial work. Radio station operation by students 
оп а basis such as I have described provides such training. 

The radio industry has enjoyed a remarkable growth during 
the past decade. It is not to be expected that such growth would 
take place without its problems. During the period when апу 
radio manufacturer could sell equipment faster than he could 
make it regardless of quality it is small wonder that many have 
seen no necessity for services of well-trained engineers. How- 
ever, conditions are changing rapidly. The public is already 
beginning to discriminate in favor of those manufacturers whose 
apparatus has been designed and constructed under the super- 
vision of competent engineers. This discrimination on the part 
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of the public will do much to stimulate development and improve- 
ment. It will also bring about greater rewards to those who have 
sacrificed time and effort necessary to secure an adequate train- 
ing in what is the youngest as well as one of the most technical 
of the electrical sciences. 


DISCUSSION 
ON “COLLEGIATE TRAINING FOR THE RADIO ENCGI- 
NEERING FIELD," BY C. M. JANSKY- 


J. Н. Dellinger: I would like to add one point to the very 
excellent ones brought out in Professor Jansky's paper, and it 
is а point which it was impossible for him to make. Му added 
point is that we give too little credit to our educators. The honor 
and credit for the achievement in radio should be divided be- 
tween the men who make the advances and the teachers who 
have trained them. Professors, and instructors generally, sel- 
dom get their due, and this is an excellent occasion to draw atten- 
tion to that seriously neglected fact. 

The common attitude toward educators and educational 
courses is one of broad criticism rather than praise. We have 
an effective offset to this critical attitude in papers like this one 
of Professor Jansky's which reveal how the educator is thor- 
oughly alive to the problems before him and is capable of giving 
them as keen and thorough an analysis as any engineer gives an 
engineering problem. Professor Jansky has set forth a number 
of important ideas for our consideration and I would like to 
emphasize the ones which appear to me of particular importance. 
They are five in number. 
| First, he points out that in most electrical engineering courses 

"the fundamentals of electrical theory are taught by the aid of 
problems and illustrations which are almost entirely drawn from 
the power field." It is certainly true that the characteristic 
phenomena of electrical communication give just as valuable 
& province for instruction as those of electric power. "This will 
unquestionably be given increasing recognition. 

Second, it is pointed out as obvious that training in physies 
18 an essential part of the radio engineer's education. While 
this is often stated and is indeed obvious, it cannot be given too 
much emphasis. This is proved by Professor Jansky's admis- 
sion that “I have усё to meet a group of senior students who 
did not have а hazy idea concerning” the fundamental phvsical 
concepts. My own observation of the preparation and technical 
equipment of radio engineers gives strong emphasis to the need 
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‚ ит training in fundamental physics. I have 
- ect thankful that the gentleman who taught me 
oc озы 26 LDuslons as to ability of students to grasp the 
422202201 ame to know some of his philosophy of teaching. and 
бох. у пат his experience had led him to the conclusion that if 
< aL get even one physical principle thorougtiy into the 
wads of his students so that they really knew it and used it, 
he zeit that the vear's teaching work was successful. Fortunately, 
з principle on which he concentrated was simpie harmonie 
motion. Алу student who got through his course without grasp- 
ing the principle that in simple harmonic emission the force is 
proportional to the displacement probably was hopeless as far 
as learning physics was concerned. I believe it is fair to add 
that when a man has learned this particular principie he has 
secured a substantial part of the stock in trade of a well trained 
radio engineer. 

Third, it is suggested that courses in expression are of funda- 
mental importance. This point is seldom mentioned or realized. I 
believe it 1s of enormous importance, second only to the need of 
training in physics, that an engineer should be trained in the 
arts of expressing himself, either in writing or in speaking to an 
audience. Obviously few engineers spend much of their time 
in either writing or publie speaking; nevertheless, all must do a 
certain amount of it, and shortcomings in a man's абу in 
expression all too often weigh heavily against and neutralize 
ability in his technical work. 

Fourth, it is neatly demonstrated that the student of radio 
engineering must have technical training in his chosen field 
through the application of his physics and other fundamental 
work to concrete problems of radio engineering. The argument 
given on this disposes of the contention frequently made that the 
teaching of methods of application should be left entirely to a 
man's experience in the industry after graduation. 

Fifth. and finally, we are reminded that students cannot be 
trained to fit a particular model as a piece of material would be 
fashioned into an instrument, because of the fact that the student 
1s first of all à human individual. This again disposes of some 
criticisms leveled against educational institutions. The manu- 
facturer would like to have recruits for the industry with a 
definite kind of preparation which eould be prescribed as the 
result of analvsis of the particular work the man is to do. That 
this 18 not in general possible hinges on the fact that by far the 
great majority of the students are not certain during their college 
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course as to what vocation they will pursue or for what branch 
of engineering they are fitted. Тһе teacher cannot subordinate 
the human problem involved to the less important task of 
creating а mere standardized unit of work. 

Of the various points brought out in Professor Jansky's paper, 
by far the most important is the emphasis on the need of funda- 
mental training. The details of radio engineering or any other 
branch of engineering are ephemeral, and they have their roots 
in physical principles. To learn the principles of physics and 
how to apply them to understand, to modify, and eventually 
to create engineering processes is much more difficult and far 
more important to the student than the practical engineering. 
I would venture to defend the thesis that the responsi- 
bility of the position attainable by a man is proportional 
to his grounding in the fundamentals of his subject. I do not 
mean at all that opportunity and other circumstances necessarily 
always bring a man to this position, and, on the other hand, his 
grounding in fundamentals must be actual and does not mean 
that he has merely been exposed to knowledge of fundamentals 
through taking certain courses. There is no way to learn the 
fundamental facts of a profession and to understand the processes 
which are vital except by hard work. I believe it to be true that 
not only the responsibility of the position open to a man but the 
contribution he can make to his field of work and the satisfaction 
he can get out of life, are proportional to his grounding in the 
fundamentals of his vocation. 

Alfred N. Goldsmith: It is unquestionably one of the func- 
tions of universities to train specialists in professional branches, 
such as radio engineering. There is not, however, a widespread 
knowledge of the real qualifications of a radio engineer. The 
following definition may be proposed: “А radio engineer is an 
electrical engineer who has first specialized in communication 
engineering, and then sub-specialized in radio communication." 
Guided by this definition, it is clear that the fundamental train- 
ing of a radio engineer is that of an electrical engineer. His first 
specialization should be in the field of alternating current phenom- 
ena at high frequencies and the characteristics which are dis- 
played to such currents by networks and systems having con- 
centrated or distributed electrical constants. If electric courses 
on advanced transformer design and, under the division of 
physics, on acoustics are available, the student will do well to 
choose these. 

The sub-specialization in radio engineering will deal with the 
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theory and construction of the specialized circuits used in radio 
transmitting and receiving apparatus, together with a careful 
study of that universal device, the triode, or three-electrode tube. 
A great deal of emphasis should be placed on the laboratory side 
of the work because the field is new and rapidly changing, and 
only those who have had direct contact with actual equipment will 
be spared the continual mortification of embarrassing mistakes 
based upon too slavish a reliance on narrow theoretical consid- 
erations. 

There are today relatively few universities giving training in 
the field of radio engineering which, perhaps, is just as well, since 
the absorption of trained men in the radio engineering field 
(despite public interest in this field) is rather limited. It may 
be added that a radio engineer, on graduation from the univer- 
sity, is qualified to begin his career in a somewhat humble 
capacity, since he must get experience in the test, design, and 
manufacturing divisions of a commercial organization of some 
scope before he can be depended upon to meet the requirements of 
this fairly difficult profession. However, it is a most interesting 
field and the workers tn it feel that they are in the van of progress. 

Arthur F. Rose: Professor Jansky’s paper is of considerable 
interest to all of us who are engaged in communication work, 
although it applies particularly to the radio engineering field 
which Professor Jansky has emphasized. His analysis of the 
time-worn policy of industry urging “emphasis of fundamentals 
in the engineering curriculum” is a very valuable contribution 
and will aid in bringing together the viewpoints of those in the 
field and the educators. The question of what constitutes funda- 
mentals has been the subject of many discussions, all of which 
result in the conclusions that the same fundamentals form the 
basis for both communication engineering and power engineering. 
The difference between the two is only the question of the fre- 
quencies and the amount of power involved. In the power field 
a single frequency and large quantities of power are studied, 
while in the communication field minute quantities of power 
but a very large range of frequencies are involved. 

The radio engineer or the communication engineer in his 
design work must study the action of his circuits throughout the 
frequency range of voice transmission. For instance, the sharply 
tuned circuits of radio sets react very differently at the different 
frequencies and may introduce appreciable amounts of distor- 
tion if not considered carefully from this standpoint. Therefore, 
the fundamental conceptions which the student obtains in his 
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early studies should not be restricted to single frequency reac- 
tions. 

Again in connection with the question of teaching engineering 
applications in the colleges, Professor Jansky has emphasized 
the importance of teaching the student how to apply his funda- 
mental knowledge to specific problems. This is, of course, the 
aim of all education, for as Ruskin says, “АП knowledge 1s lost 
which ends in knowing, for every truth we know is а candle given 
us to work by." In some cases, however, the tendency has been 
to attempt to make the student a finished radio engineer after 
having taken а course on radio telephony. This, of course, is а 
mistake, as the text books and problems used in the courses must 
necessarily lag considerably behind the practical application of 
the art in the field. In radio engineering particularly, the art 
is changing so rapidly that it appears futile to attempt to teach 
detailed application, but better to concentrate on the more funda- 
mental aspects and by practice acquire skill in approaching new 
problems. 


USES AND POSSIBILITIES OF PIEZOELECTRIC 
OSCILLATORS* 


Ву 
AuGust HUND 


(PuvsicisT, BUREAU OF STANDARDS) 


Certain crystals! which lack symmetry exhibit electrical 
charges in particular regions when subjected to stress or when 
heated or cooled. When the electrical charges are due to stress 
the effect is called piezoelectric, and, when due to heat, pyro- 
electric. All piezoelectric substances are pyroelectric, and it is 
doubtful if any pyroelectric effect would be obtained if stresses 
were eliminated. The effect of stress was discovered by P. and 
J. Curie.” 

Though Rochelle salt has the greatest piezoelectric effect, 
and quartz a comparatively small one, the latter substance, on 
account of its mechanical properties, is more suitable for the 
uses and applications here described. Pioneer work in the 
practical applications of the piezoelectric effect has been de- 
seribed? by several experimenters. Prof. Cady and Prof. Pierce 
have been responsible for most of the applications of value in 
radio communication. 

Quartz has а crystalline structure, as shown in Figure 1, OX 
being the optic axis. А plate cut out with its surface parallel 
to the OX axis and either of the other two principal axes, OY 
or OZ, shows piezoelectric effects which are very pronounced. 

*Published by permission of the Director of the National Bureau of Stand- 
ards of the U. S. Department of Commerce. 

Received by the Editor, November 12, 1925. Presented at a meeting of 
THE INSTITUTE OF RapIO ENGINEERS, New York, May 5, 1926. 

1 Rochelle salt, tourmaline, silicate of zinc, cane sugar, quartz, bora- 
cite, etc. 

2 Comptes Rendus, vol. 91, pp. 294 and 383, 1880. Voigt, "Lehrbuch der 
Kristallphysik," Leipsig, 1910; Graetz, "Handbuch der Elektrizitat und des 
Magnetismus," vol. 1, Leipzig, 1914. For similar observations consult Gehlers 
Physikalische Woerterb. Bd. 3, p. 255, 827. W. C. Roentgen, Weid. Ann. Bd. 
18, p. 534, Bd. 19, р. 523, 1883. M. а. Lippman, Ann. d. Chemie (5), T. 24, 
p. 45, 1881. W. Thomson, Phil. Mag., vol. 36, p. 331, 1893. 

3 A. M. Nicolson, Proc. А. I. E. E., vol. 38, p. 1315, 1919; W. G. Cady, 
PRockEDINGS OF THE INSTITUTE OF RaDio ENGINEERS, vol. 10, р. 83, 1922; 


and С. W. Pierce, Proc. American Academy of Arts and Sciences, vol. 59, Хо. 
4, p. 81, 1923. 
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Axes AB, CD, and EF are known as the piezoelectric axes. Piezo- 
electric effects are observed when the plate is placed between 
two metal sheets. The planes of the sheets are then perpen- 
dicular to one of the piezoelectric axes and parallel to the optic 
axis of the crystal. If the quartz plate is compressed. opposite 
charges will be induced in the two conducting sheets. Elon- 
gation reverses the polarity. Hence if the circuit is closed by a 
conductor connecting the two metal sheets, and the plate is 
subjected to alternating mechanical impulses, it generates cor- 
responding alternating electric currents. Ап alternating e.mf. 
impressed across the piezoelectric plate will also cause a similar 
mechanical vibration in it. This is true even if the metal sheets 
are not quite touching the respective faces of the plate. 


Ficctre 1—Quartz Crystal and Piezoelectric Pla.e 


Piezoelectric Oscillator—From the foregoing it is evident that 
a plate of quartz can be used for converting mechanical vibra- 
tions into electrical oscillations and vice versa. The effects are 
greatest when the electrical oscillation is adjusted to resonance 
with a possible natural mechanical vibration of the piezoelec- 
tric plate. Using an electron tube circuit it is possible to have 
the piczoelectric plate control the oscillations which are set up. 
Such an arrangement is shown in Figure 2 where a quartz plate 
can be inserted either between the grid and the filament or be- 
tweer? the grid and the plate. 

The action of the circuit is as follows: Upon closing the 
circuit or moving certain portions of it, a transient current is 
started in it whose decay assumes a frequency which is due to 
a possible mechanical vibration of the piezoelectric plate. Nor- 
mally such an oscillation would die out before being noticed. If. 
however, an inductance, L, of proper magnitude is inserted in the 
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plate circuit, it will, by means of the feedback* through the tube 
itself, render the circuit regenerative, that is, produce the equiva- 
lent of а negative resistance between the grid and the filament, 
and sustain the oscillations due to the piezoelectric element. 
Whenever this happens, the plate current measured by а d. c. 
milliameter drops to à minimum value. Тһе output can be in- 
creased by using a variable condenser, C, in parallel with the 
inductance, L, of the plate circuit. With the quartz plate con- 
nected between the filament and the grid, the condenser is set 
at its minimum position and its capacity is gradually increased. 
For a certain setting, the oscillations begin to build up and while 
increasing C, the plate current will deerease until the oscillations 
stop altogether when close to the resonance setting of the C-L 


circuit. For the quartz plate connected to the anode and the 


Figure 2—Cireuit Connections for а Piezo- 
electric Oscillator 


grid, the capacity, C, has to be gradually decreased from the 
maximum setting in order to start the oscillations. Тһе 
building up of the oscillations takes place normally in a 
fraction of a second, but in some cases it may: require several 
seconds, and it is therefore necessary to change С slowly. The 
slow building-up of the oscillations may be due to either a poor 
piece of quartz, incorrect value of the inductance L, or the lack 
of necessary freedom of the quartz plate. When using the 
quartz plate as an oscillator it is necessary for it to be free to 
move, while for use as a resonator the conductive lavers can 


* [f the piezoelectric element is inserted between the filament and the grid 
the plate to grid capacity acts as the agency for the feedback of the plate 
actions into the grid branch. Тһе filament to grid capacity provides the feed- 
back, if the quartz plate is connected between the grid and the anode. 
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even be pasted on the piezoelectrie plate or clamped against it 
without disturbing the operation. 

Cutting of Quartz Plates Suitable for Oscillator Work.— Figure 
3 shows a large piece of quartz which rests on a surface perpen- 
dicular to the optic axis along which no ‘‘direct’’ electrical effect 
is possible. Figure 4 shows another crystal of quartz likewise 
resting on a plane perpendicular to the optic axis. The lines 
indicate where а plate is to be cut out. Cuts of this type give 
а maximum piezoelectric effect with а small temperature coeffi- 
cient which is either positive or negative. Although there are 


Кісене 3—Piece of Quartz 
Resting on a Plane Perpendicu- 


lar to the Optic Axis and Cut Figure 4—A Suitable Cut for 
Along an Axis Such as OX, OY Obtaining a Plate for Piezo 
or OZ. Oscillators 


euts for which the temperature cocfficient is zero it has been 
found more practical to cut as closely as possible along OX, OY 
or OZ directions (Figure 1) since then three well-defined natural 
vibrations oecur. Figure 5 shows а quartz plate removed from 
the original crystal while Figure 6 shows several plates cut out from 
the same block. From such slices either rectangular plates are 
cut out as indicated on one of the slices or circular plates are 
cut out by means of а revolving brass tube. The latter shape 
can be secured more quickly since there are only two faces which 
need to be made parallel. There are several methods of cutting 
out slices from the natural crystal. One method is to use a plate 
of galvanized iron or copper which revolves against the crystal. 
To this is fed No. 150 earborundum powder mixed with about 
the same amount (by volume) of water. The work can be done 
somewhat faster by using a plate of copper whose circumference 
is finely ribbed and charged with diamond dust, using a steady 
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flow of kerosene against the cutting edge. The faces are ground 
parallel first by means of No. 60 carborundum and water and 
then with No. 150 carborundum and water. The finishing 
is done by means of No. 140 emery powder mixed with water, 
then No. 302 emery and No. 303 emery in water solution. Most 


FicgurE 5—Quartz Plate Cut from the Natural 
Crystal 


of the piezoelectric plates at the Bureau of Standards are polished 
to transparency by means of rouge and the edges somewhat 
bevelled. A polished plate sometimes has the tendency to chip 


FiGvRE 6—Several Piezoelectric Plates 
Cut from a Quartz Crvstal 


ой near the edges. However, when the two main faces (parallel 
to the respective conducting layers) are polished, oscillations 
start more easily and such plates are usually more desirable. 
The breaking off of the small pieces may be due either to excessive 
mechanical vibrations in the plate or more probably to strains 
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left near the polished surface, as in the case of Prince Rupert 
drops. 

Important Natural Mechanical Vibrations of Quartz Plates.— 
When quartz plates are cut out as described above and indicated 
in Figures 1, 4 and 5, it will be found that in general three funda- 
mental modes of natural oscillations are possible. Several of 
the many samples tested are described in Table I, from which 
it is seen that two of the natural frequencies are close together 
with respect to the third. The reason for this is that the thick- 
ness of the plates is small in comparison with the other two 
dimensions. 

When rectangular plates are cut not along planes parallel 
with either OX, OY, or OZ (Figure 1) but along planes of zero 
temperature coefficient of frequency or planes closer to direc- 
tions OA, OD, or OE, either three or more natural mechanical 
vibrations occur and with frequencies which are not always in 
agreement with those expected when the normal cuts are em- 
ployed. For example, a rectangular plate 24.94 19.29 X 3.03 
mm. gave / = 105; /, = 612, and f3— 924 kc., that is, two higher 
frequencies, f. and f; respectively, in comparison to the third 
frequency Л. А normal cut would have given two low frequen- 
cles and a high one. In another case four natural frequencies 
were obtained, the plate having the dimensions 24.775 X 19.92 
Х 3.04 mm., that is, almost the identical shape as in the first 
case. These frequencies were Л = 105.6; fo=606.5; /з-819.5 
and f,=932.5 ke. 

Using normal cuts as shown in Figure 1, it can be said that three 
fundamental natural frequencies are possible, irrespective of 
whether the cut is bounded by a rectangle, square, ellipse or circle, 
as long as the thickness is small, but not too small, in comparison 
with the other dimensions. If a thickness is used which is com- 
parable to the other dimensions such as in a cube, it would take 
a strong electric field to start the oscillations and there would be 
little gain since the frequencies would be close together. In the 
same way when the shortest dimension becomes small, less than 
about 2 mm., special measures have to be employed to start the 
highest frequency. 

In all cases, irrespective of shape, the fundamental vibration 
due to the thickness can be estimated with a good degree of 
approximation from the expression 


2870 
he М (1) 
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when f is expressed in kilocycles per second (ke.) and the thickness 
_ t measured іп mm. It is therefore seen that the product of the 
frequency and the thickness is a constant 


Кз=}.#=2870 (2) 


This is shown by the data of Table I and II. 

Data on circular plates used as piezo oscillators, f; is the lowest 
f; the medium, and f; the highest natural frequency of the quartz 
plate. 

Since for oscillator work the surfaces of the piezoelectric 
plate are free, it can be assumed that a fundamental vibration 
has its node at the center of the plate and consequently the 
thiekness is equal to one-half wave length. If v; denotes the 
velocity of propagation along the thickness t, that is, along the 
electrostatic lines across the plate and 43, the wave length, we have 


t3=Asfs=2tfs=2 Kz (3) 


Hence twice the value of the constant Кз gives the velocity of 
propagation, 574 X 10? cm.,’sec. This result agrees within about 
5% with a value obtained from a theoretical formula.’ This 
agreement would probably be much better if the appropriate 
modulus of elasticity were used. The other frequencies which 
are lower and due to larger dimensions can not be calculated 
by formula (1). However, for circular plates 


2715 
D d = (4) 
3830 - 
hm (5) 


where d is the diameter of the plate in millimeters and the 
respective frequencies are again expressed in kilocycles. The 
characteristic constants for these two oscillations are then 


K,=f,d=2715 (6) 

and К. =} d = 3830 (7) 

and the respective velocities of propagation along the diameters 
are: 

1-2 К, = 543 Х 10? ста. /зес. (8) 

te = 2 К, = 766 X 10? ст. /ѕес. (9) 


using similar assumptions as for 1. 


i density 2.654 gn/cc 
= 540 X 10? ст /сс 
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The optic axis is along a line which is parallel to the circular 
planes of the plate and so one diameter is parallel with the optic 
axis. Along & diameter perpendicular to the optic axis the mo- 
dulus of elasticity is, as given in footnote 5,7.85 X 10!! dynes/cm.? 
and with the density value given in that formula confirms exactly 
the velocity, 11, of equation (8). The value, vz, is high and even 
if it is assumed that the vibration occurs along the direction of 
the optic axis for which the modulus would be 10.3 X 10!! dynes/ 

m.? the theoretical velocity is only 623 X 103 ст. /вес., which is 
about 22 percent low. "The mechanism for this oscillation is 


TABLE II 
DATA ON CIRCULAR PLATES USED АЗ PIEZO OSCILLATOR 


Natural Fundamental я 
Frequencies in Kilo- | Corresponding Wave 
cycles per second lengths in meters 


ELLE. -— 


74.95 | 105.5 
15.05 | 105. 


105.35 


(Circular Quartz plates all of the same size, diameter 36.15 mm. and thickness =6.31 mm. 
cut from different pieces of quartz as indicated in Figure 1.) 


probably more complicated than the other two. Nevertheless 
this in no way gives any practical difficulties since equation (5) 
can be used to a fair degree of approximation even though a 
better explanation cannot be given at the present time. 
According to Table I and many other data, it is more difficult 
to give good approximation formulas for the two low frequencies, 
Л and fo, respectively, of rectangular plates since some values 
deviate too much from the average value. The average value 
of the lowest frequency gives а characteristic constant of about 
K,=2785 and for the medium frequency К. = 2945. The cor- 
responding velocity values, 7-2 К,, and v; = 2 Ke, are reason- 
able. It is interesting to note that their average value gives about 
the value for the constant Кз. From these observations it looks 
as though the three characteristic vibrations occur along the 
three main dimensions. This appears to contradict the theory 
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of piezoclectricity, at least at first sight, since one dimension is 
parallel to the optic axis along which no piezoelectric effect is 
possible. But since a contraction across a set of small faces per- 
pendicular to the optic axis produces an expansion along this 
axis and vice versa, there will be a disarrangement of the molecules. 
The effect of this probably produces the third vibration. 

Another explanation would be that the piezoelectric plate 
acts like a coupled circuit whieh produces two frequencies, one 
which is somewhat lower and another which 1s somewhat higher 
than the expected frequency. "The degree of coupling is depend- 
ent on the rclative magnitude of the three main axis. 

A third explanation makes use of the fact that the vibration 
parallel to the two conducting layers may be due to both a trans- 
verse and a longitudinal wave motion which have different 
velocities of propagation and so produce two waves of different 
frequencies. 

Experience indicates that it is best to use circular plates. 
It is essential that the faces be exactly parallel since otherwise 
the frequency spectrum of the highest frequency may give several 
values or not appear at all. It happens sometimes that a plate 
will not oscillate at all, although the faces appear to be parallel. 
A little grinding which would hardly be noticed with a micrometer 
brings in the oscillation. This is probably due to the fact that a 
certain stiffness exists so as to annul the effect. Sometimes after 
grinding, the oscillation disappears again and further grinding 
starts another higher oscillation and so on, which somewhat con- 
firms the last explanation. Some plates work exceedingly well 
because one fundamental oscillation is а multiple of another 
fundamental oscillation. 

Besides the three fundamental oscillations a piezo oscillator 
(Figure 2) will give a series of harmonics. They are due mostly 
to the distortion produced by the tube circuit. They should be 
distinguished from the higher modes of oscillation when the piezo- 
electric plate is used as a resonator and for which no harmonic 
relations necessarily exist. 


CALIBRATION OF FREQUENCY METERS BY MEANS OF A PIEZO 
OSCILLATOR 
The method, which is due to Prof. G. W. Pierce (see footnote 
No. 3), is illustrated in Figure 7. Use is made of the three funda- 
damental frequencies due to the quartz plate, the harmonics 
of the corresponding electrical oscillations as well as of the har- 
monies of the auxiliarv generator. 
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The procedure of measurement is as follows: 

(1) By means of the inductance /л and the variable air con- 
denser C; the piezo oscillator is set to one of the three funda- 
mental vibrations of the quartz plate, say for instance, to 80 kc. 
This is accompanied by using an inductance Гл which tunes for a 
certain setting of C; to this frequency. 

With the piezoelectric plate connected between the filament 
and the grid, the capacity C; is gradually increased until a de- 
crease is noted in the milliammeter in the plate circuit. The 
capacity of С, is further increased until* the oscillations stop. 


FREQUENCY METER 
TO BE CALIBRATED 
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PIEZDELECTRIC OSCILLATOR. 


FiGURE 7—Arrangement for Calibrating a Frequency Meter 


This happens when the C,— Lı branch becomes a capacity re- 
actance and produces a positive resistance between the grid and 
the filament. The circuit is then no longer regenerative and can- 
not sustain the oscillations set up by the piezoelectric plate. 

The oscillations are started once more by setting the con- 
denser at a point just below the resonance setting. Such a con- 
dition will, as а rule, produce а current which is rich in har- 
monies with a fundamental frequency of remarkable steadiness.’ 

(2) The loosely coupled auxiliary generator is set to the same 
fundamental frequency by noting the beat note either with the 

ФА milliammeter giving 5 to 10 ma. for maximum deflection is suitable 
for this work if an ordinary receiving tube is being used with about 80 volts on 
"i ЕУ of about 50 grams when resting on a plate vibrating at about 
10? cycles per second does not change the frequency more than about 10 cycles, 


and one degree Centigrade change in temperature produces a frequency change 
of about 20 parts in one million. 
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telephone receiver T, or Tz. Resonance occurs where the critical 
silence condition (zero beat) within the range of the audible 
note is secured.? 

(3) The frequency meter to be calibrated is loosely coupled 
to the auxiliary generator and its setting varied until the grid 
milliammeter G of the generator shows a decrease. When this 
за minimum the frequency meter is tuned to resonance with the 
auxiliary generator, 1. e., to the fundamental? frequency of the 
piezo oscillator which, for example, is 80 Кс. 

(4) The frequency of the auxiliary generator is then increased 
until the next best beat note is heard and the critical silence 
position adjusted. The grid current decrease produced by the 
resonance of the frequency meter then gives the calibration for 
the second harmonic which is for the example 2Х 80 ke. Without 
the aid of an amplifier it is possible to go up to about the 20th 
harmonic. Using one or two stages of audio-frequency amplifica- 
tion for the beat note, it is possible to hear beat notes up to about 
the 200th harmonic. For ondinary work, the amplifiers can be 
dispensed with since the twenty harmonics of each of the three 
fundamental vibrations of the quartz plate give sufficient points. 
For beat notes due to harmonics of the piezo osillator with the 
fundamental of the auxiliary generator, it is best to use the 
recelvers T; because the beat notes are then louder. 

(5) By adjusting the fundamantal frequency of the auxiliary 
generator to half of the frequency of the piezo oscillator, that is, 
in the above case to 40 Кс., the second harmonic (2X40 kc.) of 
the auxiliary generator will beat with the fundamental current 
of the piezo oscillator and the grid current decrease will give the 
calibration for f/2 = 40 kc., if f denotes the fundamental frequency 
of the piezo oscillator. In а similar way we get calibrations for 
f/3, f/4, f 5, ete., and this can be readily carried on at least to 
f/20 without the use of an amplifier. For practical frequencies 
the telephone receiver Tz should be used since the harmonics 
of the auxiliary generator are being utilized. Since there are 
normally three fundamental frequencies, fi, f» and f; of the 
quartz plate, it 1s evident that one quartz plate is sufficient to 

з Тһе beat note passes from a high pitch through a low note, narrow 
silence region, and again up to a higher note, while the condenser C of the 
auxiliary generator is being varied. The critical silence position can be set 
within about 15 cycles per second and even somewhat less by meansof telephone 
receivers. If a still greater accuracy is required, a milliammeter can be used 
ыы of phones for watching any of the slower beats between zero and 15 

ycles. 


* By means of the grid milliammeter, the frequency meter can be coupled 
very loosely to the auxiliary generator with a negligible effect on the frequency. 
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check the entire range of frequencies used in radio communica- 
tion. Figures 8a and 8b show characteristic frequency spectra 
for a circular quartz plate and a rectangular plate, respectively. 
The exact values are given in Tables III and IV and are computed. 
from only three primary calibrations, namely from the three 
fundamental frequencies fi, f; and f3 of the piezoelectric plate. 

Example—Suppose a certain frequency meter is to be cali- 
brated for а range between 10 and 50 degrees of the condenser 
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Fictre 8a—Frequencies Produced by a Piezo Oscillator Using а Circular 


Quartz Plate 6.307 mm. Thick, and a Diameter of 36.15 mm. The Three 
Fundamental Frequencies are 75.05, 105.91 and 454.2 kc. 
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У Figure 8b—Frequencies Produced by a Piezo Oscillator Using a Rectangular 


Quartz Plate 3.12 x 25.155 x 31.855 mm. The Three Fundamental Frequen- 
cies are 79.925, 105.41 and 924.57 kc. 


setting. By means of the auxiliary generator whose settings are 
approximately known, a few points can be readily found to an 
aecuracy of about one percent. Otherwise the old calibration of 
the frequency meter can be used or the calibration be estimated 
from the capacity and the approximate value of the inductance. 
Suppose that with one of the above procedures it has been found 
that at 20 degrees the frequency is roughly 220 kc.; at 30 degrees 
it is 190 kc., and at 40 degrees it is 168 Кс. Using the piezo oscil- 
lator with the circular plate we find from Table III that 225.15 ke. 
is closest to 226 kc. and is due to the third harmonie (3 fi) of the 
lowest frequency of the piezoelectric plate, while 227.1 ke. cor- 
responds to a setting of the auxiliary generator of half of the fre- 
quency (f3/2) of the highest natural frequency of the plate. 
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TABLE III 


FREQUENCIES AVAILABLE FROM PIEZO OSCILLATOR A (Circular Plate) 


Л 75.05 Кс. fs 2454.2 kc. 


1350.9 =18Л 
1362.6 = 3/fs 
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TABLE IV 


FREQUENCIES AVAILABLE FROM PIEZO OSCILLATOR B (Rectangular Plate ) 


Л =79.925 ke. f2=105.41 ke. fa =924.54 ke. 
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E ther one can be used since the points are rather close together. 
In a similar way 151.4 kc. —f;/3 requires that the auxiliary gen- 
erator is set to one-third of the frequency of the highest frequency 
of the piezoelectric plate corresponding roughly to about 50 
degrees on the scale of the auxiliary generator. It is convenient 
to have a rough calibration for the auxiliary generator used. The 
accurate calibration is then as follows: 

(a) The piezo oscillator is excited to the higher frequency 
which in this particular case is f3— 454.2 kc. 

(b) The auxiliary generator is set to a frequency of about 
151 ke. according to the rough calibration given on the curve of 
the coil and the condenser C: varied slightly until a beat note is 
heard and then adjusted to the point of zero beat. 

(c) The дір !? in the grid current produced by the resonance 
of the frequency meter then gives the calibration for 151.4 ke. 

(d) By searching by means of C; and for the same vibration 
(f3=454.2 ke.) of the plate in the neighborhood of 225 Кс. for а 
beat note and setting again to the critical silence point, calibra- 
tion for 227.1 ke. is secured. 

(e) Next, the piezo oscillator is adjusted so that the plate 
vibrates at Л = 75.05 kc., апа a beat note found near 225 kc. 
After securing the critical silence point and obtaining the grid 
eurrent dip, the calibration for 225.15 kc. is obtained. 


BEATS BETWEEN HARMONICS AND THEIR APPLICATION 


When the coupling between the auxiliary generator and the 
piezo oscillator is somewhat closer but still loose enough to avoid 
any objectionable interaction between the respective circuits, 
it is possible to hear weak beat notes, which correspond to 1.25, 
1.33, 1.5, etc., times a fundamental frequency f of the quartz 
plates of zero beat settings for f, 1.25, f/1.33, f/1.5, etc. Such 
beats are caused by the interference of harmonic currents of the 
piezo oscillator with harmonie currents of the auxiliary generator. 
This is evident when we express 1.25 f by 5 f/4 and note that for 
а fundamental frequency f of the auxiliary generator and its 
adjustment to zero beat within the region of such an interference 
the relation 


cm 
5/1 


12 For certain couplings (which are not extremely loose) as the fre- 
quency meter gets gradually in resonance with the auxiliary generator a low 
beat note appears again and disappears as resonance occurs. This method 
can be used for checking the grid dip. 
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or 5f=4 F 

holds. Hence the fifth harmonic of the piezo oscillator produces 
a zero beat with the fourth harmonic of the auxiliary generator. 


In a similar way the case of 1.33 / = al shows that the fourth 
harmonic of the piezo oscillator is beating with the third harmonic 
of the auxiliary generator and that for 1.5 f the third harmonic 
of the piezo oscillator beats with the second harmonie of the 
auxiliary generator. 

Such beats can also be explained by means of beats of beat 
currents. Suppose the piezo oscillator is excited with a funda- 
mental frequency f 480 kce., and that the fundamental frequency 
of the auxiliary generator is set to F = 125 kce., then an interfer- 
ence takes place between the fundamental currents of the respec- 
tive high frequency sources. The amplitude variation of the 
resultant current occurs at the rate of F—f=45 ke., which cor- 
responds to a high-frequency variation which is not audible. 
Another amplitude variation which is possible is due to the inter- 
ference between the second harmonic of the piezo oscillator and 
the fundamental current of the auxiliary generator which pro- 
duce again a high-frequency variation but of frequency 2 f—F= 
35 ke. But these two high-frequeney currents can beat again 
and with each other producing an audible current of frequency 
45-35-10 ke. If the auxiliary genenator is, therefore, varied 
until F = 120 ke., then 

F—f-2f—F-40 ke. 
and a zero beat condition is attained which confirms the case of 
1.5 f=120 ke. According to this explanation the so-called 
“spurious beat notes are due to beats between beat currents, 
which accounts for the fact that they are, as a rule, weaker than 
the beat notes giving the settings as expected directly from the 
theorm of Fourier, The first explanation by means of the inter- 
ference between the harmonies of each eireuit confirms the law 


a.f —b.F (10) 


where а and b are whole numbers and is perhaps the most direct 
wav of explaining the phenomenon. 

Гог ordinary work, И seems best to utilize only the main har- 
monies as shown in Tables ІП and IV; but if more points are 
required, for example, two more points between 90.84 and 
105.91 ke. (Table ІП), it is possible to secure them by means of 


the fundamental plate vibration Л = 75.05 ke. by using e = 93.81 
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| и = 99.82 kc. 


METHOD USED FOR GRINDING PIEZOELECTRIC PLATES ÁCCURATEY 
TO THE REQUIRED FREQUENCY 

It is possible to grind а quartz plate accurately within а 
small fraction of а desired frequency, even though the desired 
frequency is of the order of 105 cycles per second. An ordinary 
standard frequency meter does not have the resolving power to 
indicate such accurate settings, but the beat method, with a 
visual beat indicator, can be used. The principle of this method 
is as follows: Ап auxiliary generator is required, which can be 
set at the desired frequency and can maintain it constant for 
some time. The piezoelectric plate, after first being ground to 
the approximate frequency according to the frequency formulas 
given in this paper, is connected as indicated in Figure 2. The 
holder for the plate is shown in Figure 9b and provides an air 


FIGURE 9a—Quartz Plate and Holder for Piezo Oscillator 


gap of about one-third mm. between the upper face of the plate 
and the brass cover. Figure 9a shows the holder open. The plate 
rests on a polished brass plate. А note will be heard in the tele- 
phone receiver of the piezo oscillator, since the frequency of the 
plate is somewhat off. The plate is taken out of the holder and 
moved slightly over a grinding plate, using fine emery with water 
and tried again and again until the note becomes so low as to be 
dificult to hear. This indicates that the frequency difference 
is about 15 cycles, the exact frequency depending on the observer. 
By using а portable galvanometer instead of the phones, the 
slower beats between 15 and zero cycles can be indicated. It is 
convenient to connect a portable galvanometer using about 1 to 
2 ma. eurrent for the maximum deflection in series with a crystal 
detector and a coil coupled loosely to both the piezo oscillator 
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and the auxiliary generator. When the pointer swings to and 
fro twice in one second, it indicates that the frequency is off by 
two cycles per second; and if the pointer moves once in two 
minutes, the frequency is only off by 1/120th of a cycle per sec- 
ond. Accuracies of such a nature are seldom required, and the 
grinding, according to the formulas given here, is usually suf- 
ficiently accurate. 


Воосн TEST ков SUITABLE PIEZOELECTRIC MATERIALS 


For a rough test of material to determine the suitability for 
piezo oscillators, a plate or disk is cut from the material which 


Figure 9b—Quartz Plate Holder for 
Piezo Oscillator Assembled 


does not need to be exactly parallel), and this plate is inserted 
between the plate and the grid of an auxiliary generator which has 
a telephone receiver in the plate circuit. If the sample is suitable 
it will give several distinctive absorption noises while acting as 
а resonator. The frequency of the generator is gradually varied 
and a click will be heard for the different modes of resonator 
actions. 


METHOD FOR CONTROLLING POWER BY MEANS OF PIEZOELECTRIC 
PLATE 

Since it is not possible to generate much power?? in the cir- 

cuit in which the quartz plate is connected, an amplifier which is 
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free from self-oscillation must be used. An arrangement is 
shown in Figure 10. The piezo oscillator is set for maximum 
output so that its fundamental current is almost sinusoidal and 
pronounced. "This is done by varying the capacity of C (circuit 
as in Figure 2), until the oscillation is about to stop. The ampli- 
fier tube (50-watt tube) as well as the power tube (250 watts) 
use negative grid voltages so that they deliver no plate current 
at times when the piezoelectric plate is not vibrating. These 
tubes are therefore only loaded at such times as they are required 
to deliver power. Experiment shows that there is no transfer of 
power back to the piezo oscillator, and that the arrangement does 
not generate but merely amplifies the current of the first circuit. 
This can be demonstrated by keying the switch A. With the 
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Figure 10—Control of Power by Means of Piezoelectric Oscillator 


switch open, incandescent lamps consuming 250 watts in place 
of the load burn brightly; with the switch closed they are ex- 
tinguished. The arrangement indicated works well. To control 
more power, one or more stages may be added. The control of 
power is of special interest for high-frequency work (2,000 ke. 
and above), where the constancy of the frequency is otherwise 
greatly impaired by body capacity, ete. Special means have to 
be used then to produce the very high-frequency oscillations. 
One is, for instance, by using a suitable auxiliary voltage in the 
grid circuit of the piczo oscillator. If an appropriate choke coil 
is used instead of the auxiliary voltage in the grid branch, care 
muct be taken that the tube does not produce oscillations which 
are due to the constants of the circuit. 


AUDIO-FREQUENCY CURRENTS FROM Рік?о PLATES OF MODERATE 
| SIZE 

Since the frequency in kilocyeles of a quartz plate is roughly 

3,000 divided by the dimension in mm. along which the vibration 

occurs, it is evident that a very large plate has to be used for pro- 

ducing audio currents. Audio frequencies ean, however, be 


- 
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obtained when the interference vibrations of two high frequencies 
are produced, giving beats of audio frequency. There are three 
methods for accomplishing this. 

(1) Use of two piezo oscillators. Suppose one marked А has 
а fundamental frequency of 100 kc. and another marked B a fre- 
quency of 99 ke. Each plate is connected in а separate piezo 
oscillator as shown in Figure 2. The two circuits may be coupled 
to а third circuit with a detecting device and will give an audio 
frequency current of 1 ke. Either of the two circuits may be used 
also as a detector, and the audio frequency taken directly from 
one of them. For ordinary work this gives the audio-frequency 
currents readily. However, one circuit has the tendency to 
affect the other, that is, by adjusting the amplitude of one high- 
frequeney component the frequency of the audio current varies 
somewhat, often as much as 10 to 20 cycles per second. This is 
a disadvantage when a high precision is required unless the circuit 
is calibrated and used only for certain amplitudes (condenser 
settings of the respective piezo oscillators). 

(2) Use of two quartz plates in the same circuit. The two 
plates А and B may be connected in parallel but in separate plate 
holders and in the same cireuit which gives directly the audio- 
frequency current. The audio-frequency oscillation is then a 
little harder to start since both high frequencies are produced 
by the same tube. It may happen that one of the two high- 
frequency vibrations builds up faster than the other and uses all 
of the available power and annuls the effect of the other oscilla- 
tion. This is sometimes accompanied by а short whistle during 
which period both oscillations exist. Sometimes there is no 
whistle at all, in which case only one oscillation starts up. 

By using frequencies in the neighborhood of 100 kc. and 
higher, it is easy to find a plate inductance which starts both 
frequencies and produces the desired audio-frequency current. 
If it is done properly the audio frequency can be produced for a 
range of condenser setting (about 10 to 20 degrees) and adjusted 
to a point for which maximum loudness exists. This is the point 
for which the oscillator should be calibrated and used. 

(3) Use of а single quartz plate. А single piezoelectric ele- 
ment may be used for producing the audio-frequency current 
directly. To accomplish this a plate is ground first for producing 
the component vibration A and then a small step ground in it" 


13 Not more than about 6 watts for a plate of average rating. 

1 The height of the step is exceedingly small so that the quartz has still 
the shape of a plate to the eve and can be used in an ordinary plate holder with 
an air gap of about 1; 3 mm. 
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as indicated in Figure 11 in order to superimpose on it the high- 
frequency vibration B. The plate is used in the ordinary way, 
(Figure 2) and works well. The oscillogram of Figure 12 shows 
the beat current which produces an audible note. Figure 13 
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Fiure 11--А Piezoelectric Plate with 
a Minute Step in it for Audio Fre- 
quency Currents 


gives an arrangement using а plate as indicated in Figure 11, 
when more output is required. It is an arrangement which is 
self-starting, that is, a fixed condenser is used in the piezo circuit 
and the audio frequency current will start upon closing it. The 
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FiGtrE 12—Beat Current Produced by а Single Small Piezoelectric Oscillator. 
(f .. 1912.1 Cycles per Second, Upper Oscillogram is the Timing Wave.) 


arrangement of Figure 13 was used for producing the wave shown 
in Figure 12. For the oscillographic work and other applications 
it is also possible to use the piezoelectric plate circuit directly in 
the output circuit as long as not more than about 6 watts are 
required. It is to be noted that the output of ап audio-frequency 
oscillator is somewhat smaller than when only one component 
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current is flowing. It is not necessary always to use a load re- 
sistance across the output branch as indicated in Figure 13. Any 
amplifier circuit arrangement will be satisiactory. 
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Figure 13—Audio-frequency Oscillator Which is Self-tarting 


MISCELLANEOUS APPLICATIONS 

By using the method herein described. it is possible to 
grind a plate to any suitable frequency. It is. therefore. possible 
to design the equivalent of a second pendulum or any other 
timing device. The disadvantages described in connection with 
the first method for producing audio-frequency currents can be 
used to advantage for making a radio or audio-frequency gen- 
erator whose frequency can be varied somewhat without regrind- 
ing the piezoelectric plates. 

A change of a few cycles and less in a plate for radio frequency 
currents is due to a change in dimension which can not be noted 
with a micrometer. It can. therefore. be used for measuring very 
small variations in the thickness of piezoelectric materials. 

Using a sphere of quartz the optical axis can be roughly de- 
termined electrically (no direct electrical effect along it) as well 
as the main piezoelectric axis by placing the sphere between two 
cup-shaped electrodes and noting the strength of any resonator 
effects when placed along different diameters of the sphere. 

Working backwards, using the electrical data (frqeuency), 
and the dimensions, it gives a means for finding certain mechani- 
eal properties of the substance such as its elasticity from the 
velocity and the density. 

Using a vibrating piezoelectric plate in front of a fine slot or 
another vibrating plate, a shutter can be designed which opens 
and closes at a very high rate. This may open up a new field in 
experimental optics for direct and reflected light rays, and give a 
means of determining the velocity of light. 
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CONCLUSIONS 

(1) Experiments with quartz plates have shown that they can 
be used in an electron tube circuit for producing radio-frequency 
currents of fixed frequencies bearing a definite relation to the 
dimensions of the plate. 

(2) The piezo oscillator can be used together with an auxiliary 
generator for standardizing a frequency meter. 

(3) А single piezoelectric plate can be employed as a standard 
for the entire range of frequencies used in radio communication. 

(4) By using special arrangements a small plate can be em- 
ployed for producing audio-frequency currents. 

(5) Methods are given for grinding a plate accurately to a 
given frequency. 

(6) Formulas are given for designing plates to a desired fre- 
quency to a fair degree of accuracy. 

(7) Other miscellaneous applications are described. 
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SAFEGUARDS FOR THE RADIO INVENTOR* 


Ву 
EVERETT №. CURTIS 


(MEMBER OF NEW YORK Ban AND LECTURER ON Patent Law ar COLUMBIA 
UNIVERSITY ) 


My topic assigned for this evening concerns the safeguarding 
of the inventor who, ignorant of patent law, may neglect the 
taking of those steps or precautions which he may at some time 
find of infinite value in the preservation of his rights. The inex- 
perienced inventor as a rule is the victim of his own imagination 
or his own unfounded suspicions, іп that he is usually watching 
for some patent pirate Just around the corner whom he fancies 
is looking for the opportunity of swooping down upon him and of 
taking away the coveted prize. He is, therefore, fearful of dis- 
closing his invention to anybody. He is suspicious even of his 
friends. It may be in rare instances hix friends are such as to 
warrant such suspicions, but more often the inventor's seeretive- 
ness results in his neglecting to preserve proper evidence of his 
date of conception and his reduction to practice, so that in ease 
of a contest as to who is the prior inventor of a certain invention, 
he is unable to offer good and sufficient proof of the actual facts, 
and loses the contest, not to a pirate but to a rival inventor with 
the requisite evidence. 

Some inventors have the idea that patenting an invention ік 
à sort of marathon race to the Patent Office. They go to a 
motion picture house and see a fearsome drama, in which the 
inventor after undergoing and surviving many perils, finally 
races up the steps of the Patent Office one Jump ahead of the 
villain and deposits his patent application just in time to save 
the day. In the same drama, with the same marvelous speed, 
unknown in practice, the Patent Office immediately examines 
the application and prior art, and the next day issues the patent. 
As most of vou know, nothing could be further from the truth 
than this. While it is of advantage to be the first to file an appli- 
cation in the Patent Office, a prior inventor if he be diligent in 


.. *Received by the Editor March 11, 1926. Presented by title only at the 
New York meeting of THe INstirute OF Rapio Емихкеня June 2, 1926. 


471 


472 CURTIS: SAFEGUARDS FOR RADIO INVENTOR 


reducing to practice and in filing his application will, neverthe- 
less, prevail even though his filing date is subsequent to his 
rival, but not two years or more prior to the issue date of his 
rival’s patent. Furthermore, getting a patent is not a speedy 
process. Ordinarily it is several months before a patent appli- 
cation is reached by the examiner and several years before the 
patent actually goes to issue. 

It sometimes happens that where two or more men have been 
working to bring an invention to a successful issue, it is deter- 
mined by them to file an application for a joint invention. The 
central idea may have been the creation of one of them, but the 
others have contributed time, effort, and mechanical skill, and 
it seems only just, all things considered, that the application 
should be filed in the names of all of them. This is often a snare 
and a delusion. Joint inventors are those who jointly create a 
single invention. If the creation of the invention is the product 
of a single mind, no amount of co-operation of others in reducing 
the same to practice can change the original individual creation 
into a joint invention. It is rarely that two or more persons can 
unite together in creating a single invention. In many cases, 
where so-called joint inventors are subjected to cross examina- 
tion, it develops that there was but one inventor and that the 
others were not inventors at all and the patent is declared void 
for this reason. Great care should, therefore, be taken where 
an inventor deems himself a joint inventor. He should carefully 
sift the whole situation to determine whether or not after all 
there was really joint invention, and only after mature consider- 
ation should a joint application be filed. 

It is of great importance to the radio inventor to keep and 
preserve careful records. He should have note books in which 
to make sketches of such inventions as may occur to him from 
time to time, together with notes of explanation. These should 
all be dated. If he thinks that any of these are of material im- 
portance, he should secure the signature of witnesses, and also 
have made up dated drawings by & competent draftsman fully 
illustrating his construction. Another method 1s that of я draw- 
ing and affidavit clearly describing the same and setting forth 
the fundamental features of the invention. Still another method 
is that of writing dated letters disclosing the invention to a 
relative or to а friend, particularly where the envelope bearing 
the postmark is preserved. It is also of importance to save if 
possible any models or full-sized machines together with working 
drawings, bills for parts, and records of actual tests. All these 
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matters go to show the date of invention, the date of disclosure 
and the date of reduction to practice. 

It is not the date of filing an application for КЕЛІ” which 
controls in a contest as to who is the first inventor. It is he who 
ean show by a preponderance of the evidence that he first con- 
ceived the invention and with due diligence reduced it to prac- 
tice, that will be declared the first inventor and entitled to the 
patent. 

Thus, for example, in the well-known litigation over the 
Armstrong Feed-Back Patent in the Federal courts in the second 
cireuit, Armstrong was able to prevail over all other alleged in- 
ventors making claims to his invention by reason of the decisive 
character of his proofs establishing the fact that he was the first 
inventor. Тһе inventor's mere assertion, standing alone, that 
he invented his device on a certain day amounts to nothing 
No court will ever find the date on invention to be established 
on the uncorroborated testimony of the inventor. It is, therefore, 
of the utmost importance that this evidence be secured and pre- 
served as heretofore indicated or the inventor will have to bear 
the penalty of his neglect. So also must the inventor's reduction 
to practice be fully substantiated. If sufficiently early in point 
of time the date of the filing of the application may be relied upon 
as а constructive reduction to practice, but it is better, all things 
considered, to try out and demonstrate at the earliest possible 
moment under the conditions of actual commercial use the oper- 
ativeness of the invention. It is evidence of the tested reduction 
to practice which counts most heavily with the courts, and the 
one which most effectively disposes of the contention of aban- 
doned experiment. 

Àn inventor cannot afford to sleep upon his rights. If he 
has made an invention it is his duty to reduce it to practice at the 
earliest possible moment and to apply for a patent. The theory 
of reward to an inventor by the grant of patent is based upon 
some obligation in his behalf. А patent is а contract. In con- 
sideration of the enjoyment of the exclusive right of the inven- 
tion for the period of 17 years, the inventor makes a full dis- 
closure to the public in order that at the end of this period the 
public may have thrown open to it the full knowledge of and right 
to make, use and sell the invention. In other words, an inventor 
must play fair with the government. If he makes an invention 
and takes no steps toward reducing it to practice or demon- 
strating its practical use until а rival inventor enters the field, 
he may lose his right. If he stands idly by and permits others 
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to use his invention without protest, his acts may be construed 
as a constructive abandonment, and his rights to a patent are 
forfeited. Where this right is once abandoned by the inventor, 
it cannot afterward be resumed at pleasure, as where gifts are 
thus made to the public, they become absolute. 

Another important matter neglected by inventors is the neces- 
sity of making a full disclosure of the invention in the applica- 
tion as originally filed. While the fullest opportunity of amend- 
ment both of the specification and claims is permitted in eluci- 
dating, amplifying and correcting the same, it is not permitted 
to incorporate new matter. The inventor, therefore, should not 
rely too much upon his attorney for this original disclosure. He 
should read and re-read the specification and claims as drafted 
by his attorney to make sure that his invention is fully and cor- 
rectly set forth. It is better by far to say too much than not 
enough. Too much may easily be cancelled, but if the inventor 
says too little, he will be correspondingly limited. The claims 
are also important. The claims are the life of the patent. The 
inventor 1s required by law particularly to point out and dis- 
tinctly claim the part, improvement or combination which he 
claims as his invention. Nothing is secured to the patentee 
unless there be in his patent a valid claim covering it. 

What is not claimed is by implication given to the public, 
so claims should be drafted to give the inventor the broadest 
possible protection. The broadest claim of the patent is the 
claim containing the fundamentals of the invention, or the in- 
vention reduced to its lowest terms. The inventor should realize 
this and carefully examine the claims with this in mind. The 
drawings should be carefully checked, and enough figures should 
be employed fully to illustrate the invention. Mistakes are likely 
to creep in. Care must be taken to correct them before the 
patent is issued. If a drawing is defective, as for example, where 
an inoperative hoop-up is shown, the effect on the patent may 
be disastrous and may result in the patent being declared to be 
void for want of utility. , The drawings, specification and claims 
are all considered together in determining the scope of a patent, 
and the claims are to be fairly construed so as to cover the inven- 
tion if possible, and save it especially if it be a meritorious one. 
Claims are to be construed in the light of the specification and 
in view of the prior art. If the invention is primary, a broad 
interpretation is to be given, but if the art is close, the claims are 
to be narrowly construed. 

This brings us to the consideration of the nature of patent 


es 
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rights. For an alleged invention to be patentable, it must be 
new, 16 must have utility, and it must involve the exercise of the 
inventive faculty. What the inventor gets by his patent 15 а 
negative right, that is, the right to exclude others from making, 
using or selling his invention, without his permission. If his 
rights are infringed, he may obtain relief by a suit at law for 
damages or by a suit in equity for an injunction, profits and 
damages. 

А patent right is not а natural right. It is entirely the crea- 
tion of statute. For many years of the earth’s history, the т- 
ventor had no reward. Patent systems taking the inventor into 
consideration have been of comparatively recent growth. Even 
under our own patent laws in the early history of our country 
there were but few patents granted. Practically all of our great 
advance in invention has been accomplished within the last 
fifty years, and is due largely to the encouragement given to the 
inventor by patent laws the world over. In most foreign coun- 
tries, the obligation is imposed upon the patentee of working the 
invention under penalty of forfeiture of the patent. Such obli- 
gation has never been imposed by the laws of this country, and 
this may be one of the reasons why invention here is so prolific 
and why so many applications for patents are filed in the U.S. 
Patent Office. 

The question of novelty plays a considerable part in deter- 
mining the scope of & patent, and accordingly the prior art must 
always be considered in drafting a patent application. It is use- 
less to attempt to cover in а patent that which is old and well 
known to the art. Ап inventor 1$ presumed to know or hold to 
the knowledge of what has gone before, and his claims are limited 
or avoided accordingly. It is well, therefore, for an inventor to 
educate himself in the particular art to which his invention 
belongs. This he may do by reading the literature accessible 
to him, and by having searches made of the files of the Patent 
Office at Washington. 

The two-year statutory periods are important to the inventor. 
The patent statute provides that а prior printed publication or 
patent published in this or in any foreign country more than two 
years prior to the filing of the inventor’s application here, or a 
publie use or sale of the invention in this country more than two 
years prior to such date, shall operate as а bar to the issuance 
of the patent. This language not only applies to publications 
and uses of other persons than the inventor but also to the in- 
ventor himself. Care should accordingly be taken by the inven- 
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tor not to permit these two-year periods to run against him, 
either by rushing into print or by permitting а public use of his 
invention and then neglecting to file his application within the 
time. Furthermore, the inventor, if he contemplates filing appli- 
cations abroad, must be careful not to publicly publish or use 
the invention here in advance of the making of such applications 
or he may lose valuable rights or perhaps all rights relating 
thereto. 

Some inventors have thought that by concealing their in- 
ventions, as in the case of а secret process, to delay over a con- 
siderable number of years the filing of an application for a patent 
until it was determined that secrecy could not longer be main- 
tained. The danger of this is that courts have held in a number 
of eases that such conduct on the part of the inventor constituted 
abandonment and forfeiture of the right to obtain a patent. 

In the absence of а special agreement, inventions made by 
an employee belong to him personally. But where he is em- 
ployed in а certain line of work to invent, his inventions belong 
to his employer. That is, while the mere fact he is employed by 
another person does not preclude him from making improve- 
ments in machines with which he is connected and making appli- 
cation for patents therefor as his own personal property, yet if 
he be employed to make such improvements the right to such 
patent belongs to his employer, since he is merely doing what he 
was employed to do. Even if he be not employed to invent, if 
he uses the property of his employer, and the services of other 
employees to develop and put into practical form his invention, 
and permits his emplover to use the invention without protest, 
a shop right or license may result to the employer. Contracts 
with employers are usually drawn by the employer, and are con- 
strued most favorably to the employee. А contract requiring 
an inventor to turn over all the inventions he may make without 
limitation to his employer is void as in restraint of trade and 
against publie policy. Such agreements must be limited to the 
line of endeavor in which the employee is engaged or by the scope 
of the employer's business, and if it be desired that the employee 
should turn over such inventions or applications therefor to the 
employer, words of assignment or the equivalent should be un- 
equivocally set forth. Otherwise, on a suit for specific perform- 
ance, the court might decline to act because of uncertainty. 

At the present Ише, there are coming before the Courts 
many questions of contributory infringement with respect to the 
selling parts which may be used in a patented receiving or send- 
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ing set. If any individual sells an entire set which is an infringe- 
ment of the set, there is no trouble in fixing the responsibility, 
but where one person assembles parts for such set furnished by 
others, it is a matter of considerable difficulty to show the neces- 
sary concert of action the law requires in this connection. If the 
part supplied is incapable of any use except an infringing one, 
intention to infringe is presumed, but where such part may be 
otherwise used, positive proof must be adduced to show such 
intention. In other words, in contributory infringement, inten- 
tion to infringe is ап important element and must ordinarily 
be shown by affirmative evidence, such as declarations by the 
person supplying the part that the same is to be incorporated 
in the infringing set. Merely selling the set unassembled, how- . 
ever, is not sufficient to avoid the charge of infringement, as is 
shown in a recent case decided by the U. S. District Court of the 
Southern District of New York, where the court said that “‘it is 
an infringement to divide the patented machine into parts ready 
for assemblage even though the party who is to use them must 
put them together." In an old Federal case, it was early decided 
that 1f an infringing machine is made as an experiment merely, 
it does not infringe former patents. То constitute infringement, 
the making must be with an intention to use for profit, not for 
the mere purpose of а philosophical experiment. Can it be said 
in the individual case where a person purchases parts from 
various dealers to form part of an experimental set used at home 
that such dealers are contributory infringers, even if they knew 
of such experimental] use? If an experimental use is not an in- 
fringement, how can а contributor to such use be an infringer? 
If every builder of а home set is ап experimenter, and dealers 
who contribute parts are not to be held guilty of infringement, will 
not the door be opened considerably and the field of the patentee 
correspondingly restricted? "These and other questions are com- 
ing before the courts and upon their proper solutions depends the 
future of the radio industry so far as concerns dealers and users. 

Such are the chief dangers against which the inventor should 
guard himself. They are dangers which in the main can be met 
or largely alleviated by a little care on the part of the inventor, 
who should remember that although inspiration may come from 
on high, a little attention to the humble position of one's feet 
on the earth is also bound to yield beneficial results. 


SUMMARY: Precautions for the radio inventor who is not associated with 
an organization which includes a patent department, with explanation why 
such precautions are necessary. 
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“RDKA” 


By 
D. G. LITTLE AND R. L. Davis 


Клою ENGINEERING DEPARTMENT, WESTINGHOUSE ELECTRIC 
AND MANUFACTURING COMPANY 


INTRODUCTION . 


KDKA, up to March 1, 1925, has been described in previous 
papers before the Institute. It is the purpose of this paper to 
bring the history up to date by describing the equipment now in 
use, both for regular broadcasting and for short-wave inter- 
national broadcasting and relay work. The short-wave trans- 
mitter, employed for interworks telegraph service, will also be 
described. 


GENERAL 


The rapid development of broadcasting, both long and short 
wave, indicated that the space available at the East Pittsburgh 
Works would soon become inadequate for further expansion. 
А place was, therefore, selected about two miles from the old 
location, on high and relatively level ground, free of buildings 
and struetures that might influence radio transmission, and a 
building laid out that would house the proposed equipment for 
all transmission activities. The antennas and buildings cover 
а space approximately 300 x 500 feet. Figure 1 shows the station 
building and the antennas. The station building is located in 
the center of this plot and is a basement and one story brick 
structure 25 x 65 feet, with a wing on the front 20 x 30 feet. The 
offices, storerooms, shop, and audio frequency control room are 
located in the wing; while the radio equipment is placed in the 
main part of the building, the long wave at the South end, and 
the short wave at the North end. The power apparatus, such 
as motor-generator sets for filament heating, transformers, filters, 
contro] apparatus, and storage batteries, are placed in the base- 
ment, leaving the main floor for the rectifier, modulator, and 
oscillator vacuum tube frames. 


Presented before the INstiruTE ог КАТО ENGINEERS, New York, Sep- 
tember 2, 1925. Received by the Editor October 5, 1925. 
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to use his invention without protest, his acts may be construed 
as а constructive abandonment, and his rights to a patent are 
forfeited. Where this right is once abandoned by the inventor, 
it cannot afterward be resumed at pleasure, as where gifts are 
thus made to the public, they become absolute. | 

Another important matter neglected by inventors is the neces- 
sity of making a full disclosure of the invention in the applica- 
tion as originally filed. While the fullest opportunity of amend- 
ment both of the specification and claims is permitted in eluci- 
dating, amplifying and correcting the same, it is not permitted 
to incorporate new matter. 'The inventor, therefore, should not 
rely too much upon his attorney for this original disclosure. He 
should read and re-read the specification and claims as drafted 
by his attorney to make sure that his invention is fully and cor- 
rectly set forth. It is better by far to say too much than not 
enough. Too much may easily be cancelled, but if the inventor 
says too little, he will be correspondingly limited. The claims 
are also important. The claims are the life of the patent. The 
inventor is required by law particularly to point out and dis- 
tinctly claim the part, improvement or combination which he 
claims as his invention. Nothing is secured to the patentee 
unless there be in his patent a valid claim covering it. 

What is not claimed is by implication given to the public, 
so claims should be drafted to give the inventor the broadest 
possible protection. The broadest claim of the patent is the 
claim containing the fundamentals of the invention, or the in- 
vention reduced to its lowest terms. The inventor should realize 
this and carefully examine the claims with this in mind. The 
drawings should be carefully checked, and enough figures should 
be employed fully to illustrate the invention. Mistakes are likely 
to creep in. Care must be taken to correct them before the 
patent is issued. If a drawing is defective, as for example, where 
an inoperative hoop-up is shown, the effect on the patent may 
be disastrous and may result in the patent being declared to be 
void for want of utility. .The drawings, specification and claims 
are all considered together in determining the scope of a patent, 
and the claims are to be fairly construed so as to cover the inven- 
tion if possible, and save it especially if it be a meritorious one. 
Claims are to be construed in the light of the specification and 
in view of the prior art. If the invention is primary, a broad 
interpretation is to be given, but if the art is close, the claims are 

he narrowly construed. 

“his brings us to the consideration of the nature of patent 
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rights. For an alleged invention to be patentable, it must be 
new, it must have utility, and it must involve the exercise of the 
inventive faculty. What the inventor gets by his patent is a 
negative right, that is, the right to exclude others from making, 
using or selling his invention, without his permission. И his 
rights are infringed, he may obtain relief by a suit at law for 
damages or by a suit in equity for an injunction, profits and 
damages. 

A patent right is not a natural right. It is entirely the crea- 
tion of statute. For many years of the earth’s history, the in- 
ventor had no reward. Patent systems taking the inventor into 
consideration have been of comparatively recent growth. Even 
under our own patent laws in the early history of our country 
there were but few patents granted. Practically all of our great 
advance in invention has been accomplished within the last 
fifty years, and is due largely to the encouragement given to the 
inventor by patent laws the world over. In most foreign coun- 
tries, the obligation is imposed upon the patentee of working the 
Invention under penalty of forfeiture of the patent. Such obli- 
gation has never been imposed by the laws of this country, and 
this may be one of the reasons why invention here Is so prolific 
and why so many applications for patents are filed in the U.S. 
Patent Office. 

The question of novelty plays a considerable part in deter- 
mining the scope of a patent, and accordingly the prior art must 
always be considered in drafting a patent application. It is use- 
less to attempt to cover in а patent that which is old and well 
known to the art. An inventor is presumed to know or hold to 
the knowledge of what has gone before, and his claims are limited 
or avoided accordingly. It is well, therefore, for an inventor to 
educate himself in the particular art to which his inventiori 
belongs. This he may do by reading the literature accessible 
to him, and by having searches made of the files of the Patent 
Office at Washington. 

The two-year statutory periods are important to the inventor. 
The patent statute provides that a prior printed publication or 
patent published in this or in any foreign country more than two 
years prior to the filing of the inventor's application here, or а 
public use or sale of the invention in this country more than two 
years prior to such date, shall operate as a bar to the issuance 
of the patent. This language not only applies to publications 
and uses of other persons than the inventor but also to the in- 
ventor himself. Care should accordingly be taken by the inven- 
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Power for the station is obtained through underground cables 
from two separate substations of the Duquesne Light Company. 
A substation in the basement of the building transforms this 
power of 4,000 volts, three phase, 60 cycle, into 220 volts, three 
phase, which is then distributed to the radio equipment. 

The short wave or 64-meter transmission work was moved 
to the new building during the summer of 1924, and has been 
in use since that time. 

Careful tests were made at the new location before the 309- 
meter apparatus described in this paper was put in regular oper- 


FicvRE 1—General View of “КОКА” Station 


ation. On the night of March 19, 1925, alternate numbers of 
the program were run from the old station at East Pittsburgh, 
and from the new station. The program selections were num- 
bered and reports requested from Westinghouse representatives 
in all parts of the United States. The same power was put into 
the oscillators at the two stations, thus checking both the loca- 
tions and the antenna systems. "The results of this test indicated 
that the new location was considerably better than the old. The 
majority of nearly 100 observers reported an increase in the signal 
strength received, particularly at distances beyond 300 miles; 
and as the new antennas had an effective height somewhat less 
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than the old, the new location on high, level ground is a con- 
siderable improvement over the old location in the valley at 


East Pittsburgh. 
Figure 2 shows in schematic form the layout of circuits. 
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FIGURE 2—Schematic Circuit 
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No. 2 TRANSMITTER 
The equipment emploved for regular broadeasting at 970 ke., 
309.1 meters, is known as No.2 Transmitter, and is here described. 
Antenna. Тһе 970 ke. antenna svstem differs somewhat 
from the conventional flat-top type. This antenna has been 
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shown in Figure 1. Four spruce poles, 80 feet in height, support 
five cages, each 100 feet long. The vertical conductor is а 116-1. 
diameter copper tube rigidly supported on porcelain pillar insu- 
lators by the pole nearest the station building. "Three cages are 
connected to the top of the vertical lead and extend horizontally, 
with angles of 60 degrees between them, to the remaining three 
poles, which in turn are connected by two cages. Each cage is 
made up of eight No. 10 copper wires on micarta ring spacer 
6 inches in diameter. This makes an antenna with flat top of 
low copper loss. The high potential points are near the middle 
of the two outer cages, so that insulator loss is also minimized. 
Тре small loading coil seen in Figure 3, and ammeter, are con- 


ческк 3 —Antenna Loading Coil and Ammeter 


nected in series to the lower end of the vertical lead, and the 
eurrent then flows into the eounterpoise, which consists of seven 
cages, spreading in fan shape from the main pole. Each counter- 
poise cage is made up of four No. 10 copper wires on 3-inch 
diameter micarta spacers. The copper tube coupling lead to the 
transmitter is connected just below the ammeter. 

The natural period of this antenna structure is 281 meters. 
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Тһе total resistance measured at 970 kc. is 10.8 ohms and the 
effective height approximately 20 meters. The resistance curve 
is given in Figure 6. 

Apparatus—Oscillator. There are two oscillator frames, one 
employed as а spare part. "The oscillator frames each provide 
mounting for eight WO-41 (see Figure 5), 10-kw. water-cooled 


К.О. К.А. 
970 Ke Antenna 


Resistance Charach ste 


Wave length 


Figure 4—970 Кс. Antenna, Resistance Characteristic 


tubes in two groups of four tubes. Figure 6 shows the mechanical 
details. The four tubes are clamped to a common plate support 
and treated as & unit. All oscillator and modulator tubes are 
furnished with filament power from the motor generator sets, 
shown in Figure 7. А filament voltmeter and plate ammeter 
are mounted on the front of the frame. The primary oscillating 
circuit is arranged in the rear of the tubes and consists of a 500 
и. air condenser and a 52 micro-henry inductance mounted 
above. Fine adjustment of frequency is obtained with a single 
turn variometer, mounted at the end of the primary circuit in- 
ductance. This is adjusted approximately by means of the fre- 
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quency standard wavemeter, shown mounted on the wall in 
Figure 6, and exactly to zero beat with a small oscillator provided 
with a quartz crystal ground to 970 ke. "This arrangement en- 
ables frequency adjustments of a precision unobtainable in any 
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FicgurE 5—WO-41, 10 Kw. Transmitting Tube 


other way. Under normal conditions, KDKA should be within 
100 cycles of the frequency assigned to it. 

Figure 8 shows the connection diagram of the oscillator and 
modulator circuits as employed at KDKA. The modulation 
choke is not shown in this diagram, as it is treated as a group 
with the filter system and appears on that diagram. For clear- 
ness, only one oscillator and two modulator tubes are shown. 
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However, during actual normal operation, to which most of the 
following data applies, four type WO-41 tubes are used as oscil- 
lators and nine as modulators. 

Plate and grid couplings to the primary oscillating circuit are 
of a conventional type, which is familiar to radio men. 

Antenna coupling to the primary circuit is effected through а 
single lead, having & choke coil in series with it, and connected, 
between the two circuits, at almost any convenient point, other 


Ficure 6—970 Ke. Oscillator Frame 


than the ground. This coupling method is subject to easy adjust- 
ment, and the small coupling lead, since it carries only a small 
current, can be carried distances which would be prohibitive for 
the main antenna leads. 

The choke also acts to suppress harmonics, as its impedance 
is proportionally greater for the high frequencies. No ground is 
used on the antenna itself, as it is thought best to permit it to 
oscillate freely about its own electrical center rather than attempt 
to constrain it by an actual ground, location of which 18 incon- 
venient and subject to slight changes. 

The use of water-cooled tubes permits a simple means to be 
employed for determining the efficiency and losses of the tubes 
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and connected circuits. By measuring water flow and tempera- 
ture rise to determine the energy given off under different condi- 
tions, and considering this in connection with plate input, grid 
leak losses and heating of the plates, due to filament alone, val- 
uable data may be obtained. In this manner, the primary circuit 
losses and antenna input can be evaluated quite accurately. 
The measurements made by this method for antenna and 
primary circuit resistance check measured values to a close 
degree. For example, the antenna resistance measured in a 


Figure 7—Filament Motor-Generator Sets 


more conventional manner was 10.8 ohms, and by the heat loss 
method was 10.73 ohms. 

The net oscillator efficiency, consideting the direct current 
input and output to the antenna, obtained from the heat 1068 
method was found to be constant at 67 percent over a wide range. 
This is as it should be if good modulation is to be obtained, as 
the whole condition for modulation is based on proportional 
antenna current and plate volts, which, of course, means constant 
efficiency. 

Gross plate efficiency for the oscillator units is 70 percent, 
which, with the losses of the grid leak of 200 watts and primary 
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circuit ЈА loss, brings the net efficiency of the oscillator to 67 
percent, as stated before. Direct measurement and heat loss 
means, both give а primary circuit resistance of 0.3 ohms. 
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Another check, showing that the efficiency of the oscillator 18 
constant over a wide range, is obtained from the antenna current 
plate voltage curve, as shown in Figure 9. This is a straight line 


PiatrReE 9— Antenna Current—Oscillator Plate Voltage Curve 
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over the entire distance, 2,500 to 15,000 volts, at which modu- 
lation takes place. 

Modulator. Figure 10 gives a general view of the apparatus 
room with No. 2 set modulator at the extreme left. 

The modulators used at KDKA for both 970 and 4,800-kc. 
units are duplicates, and while not arranged with transfer 
switches, can, in case of emergency, be cross-connected with 
jumpers to be used on either set. 

. The modulator units are designed to provide suitable modu- 


ue 27 


Figure 10—General View of Apparatus Room 


lation for oscillators producing 40 kw. of radio frequency power 
input to the antenna. 

Each modulator frame provides mounting for 12, type WO-41 
tubes, arranged in pairs, the two tubes of each pair are supported 
on the same tube support plate, with their anodes electrically in 
parallel. A high-voltage disconnect switch that can be opened 
under load is provided for each pair, so that groups of tubes can 
be cut in or out, as desired. Each modulator tube grid lead is 
provided with a damping resistance, to prevent parasitic oscilla- 
tions among the tubes. Under normal conditions, this grid lead 
resistance has no effect, as the modulator is not worked to where 
grid current is produced. 
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Bias or “С” battery voltage for the modulator tubes is 
provided by dry cell *B" batteries, housed in a box at the 
end of the frame. At the side of this box is an oil-insulated 
step-up transformer that supplies proper audio grid voltages 
for modulation. А milliammeter is provided in the main 
grid lead for indicating grid currents. It is used only as a 
check on test numbers, together with the modulation meter 
to determine the limits for modulation. А multi-point switch 
for adjusting bias voltages and & voltmeter for checking are 
also provided. 

To insure а substantial uniform load for the modulator 
grid transformer, a resistance is connected across its high- 
. voltage side. Without this, the load on the transformer would 
: vary from approximately zero at low frequencies to an appreciable 
capacity reactance at the higher ones, thereby altering the effec- 
tive transformer ratio, which is undesirable. 

Normal operation at usual power adjustment employs nine, 
type WO-41 tubes operating in parallel. Characteristic curves 
of the modulator as a unit is shown in Figure 11. These are dif- 
ferent from the ordinary grid voltage-plate voltage curves íre- 
quently used, but are plotted from the same data, and for this 
purpose are more convenient, as the curves are straight lines, 
which make interpolation easier. 

Figure 12 shows the modulation characteristics of oscillator 
plate volts versus grid volts applied to the modulator. It is 
based on the assumption that constant current 15 being supplied 
to the oscillator and modulator together at all times, as is the 
case when a modulation choke of infinite inductance is connected 
in the common high-voltage supply lead. This curve is seen to 
be very nearly a straight line, and as such, indicates that the 
plate voltage variations impressed on the oscillator tubes are 
practically proportional to the voltage applied to the modulator 
grid. This is the condition necessary for the modulator to func- 
tion with the minimum of distortion, and when considered in 
connection with the oscillator plate volts-antenna current curve, 
shows that the antenna current modulation will likewise be pro- 
portional to the applied modulator grid voltages, and reproduce 
its variation to & close degree. 

Under normal conditions, the plate voltage is 9,000 and the 
bias 540 volts. Within the grid voltage limits of zero and twice 
540 or 1,080, which must be observed if the station audio ampli- 
fier output is not to be distorted by the load of modulator grid 
currents, a variation of plate voltage from 2,500 to 15,000, giving 
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a modulation difference of 13,000 is obtainable. This variation 


13,000 m : 
corresponds 2 x 9,000' or approximately 70 percent modulation. 
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Oscillograms taken of rectifier antenna current bear out these 
deductions. 
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The amount of distortion over this range is of the order of 
3 percent. This amount is ascertained by noting the departure 
of the curve from a straight line drawn as shown in Figure 12, 
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and in this case, is found to be 400, ог 3 percent of 13,000. Also, 
by plotting the differences, a double frequency curve is obtained, 
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which shows that the distortion is mostly & second harmonic. 
Because of its nature and small amount, distortion produced by 
the modulator, as adjusted, is entirely too small to be detected 
in any way, except by analytical] measurements. 

Another characteristic of the modulator that is quite im- 
portant, is that of relative modulation plate voltage, available 
at the oscillator at different frequencies. When calculating 
the plate voltage-grid voltage modulation characteristic, it was 
assumed that there was no leakage in the modulation choke. 
Actually, this is not the case, particularly at low frequencies. 
For example, at 100 cycles, the reactance of a 10-henry choke 
is approximately 6,300 ohms. With the oscillator tubes to take 
three amperes at 9,000 volts, their average impedance is 3,000 
ohms. This would look as if а considerable portion of modulation 
would be lost, as the modulation choke is practically in parallel 
to the ground across the oscillator tubes. However, the condi- 
tions are not nearly so bad as might seem at first thought, as the 
choke leakage is mainly at 90 degrees to the current passed into 
the oscillator, and the relatively low impedance of the modulator 
unit does not cause much voltage variation to take place, as the 
external impedance changes. 

Considering the function of oscillator, modulation choke, and 
modulator units reveal that the audio voltage produced in the 
modulator acting as alternating current generator is impressed 
across an external impedance made up of the oscillator and modu- 
lation choke in parallel, as stated above. "Therefore, the solution 
of elementary circuits, such as shown in Figure 13, will give the 
relative voltages available at the oscillator for different fre- 
quencies. The curves shown are those obtained using modulator 
impedance of 400 ohms, together with an oscillator impedance 
of 3,000 ohms, which, as before stated, are in normal conditions 
of operation. It will be noted that all curves tend to reach a 
maximum value of 88.2 percent at the higher frequencies. This 
is the limiting proportion of the voltage generated in the modu- 
lator by action of the grid potentials and amplification constants 
of the tubes that is available on the oscillator when the respec- 
tive impedances are those stated. At low frequencies, when the 
choke reactance becomes comparatively low, thereby reducing 
the load impedance into which the modulator works, the relative 
available voltage falls below the maximum of 88.2 percent, in a 
manner shown by the curves. At KDKA, a 10-henry choke 
is used, and as seen from the curves, gives even at 25 cycles, 
about 84 percent volts available on the oscillator, which 1s rela- 
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tively 95 percent of the maximum available. Therefore, as far 
as the modulating system is concerned, the output is nearly con- 
stant over the full range of musical frequencies. Lack of choke, 
while not important, as far as speech and general phone trans- 
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mission is concerned, is not very noticeable, but to bring through 
the low notes that give the characteristic richness to pipe organ 
music, heavy choke is necessary, and special attention was given 
to this matter in constructing the apparatus for KDKA. 

In calculating the modulation characteristics, one could not 
fail to be impressed by the way that low modulator impedance 
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is effective in eliminating distortion. In many cases, we are 
aceustomed to think in terms of maximum output and balance 
of impedances, whereas, for good quality and minimum distor- 
tion, the main requirement is to have the modulator impedance 
low compared to its load. The latter is the general condition 
under which all ordinary power apparatus is normally operated. 
There is a striking parallel in this case to that of the early direct- 
current generator. It was at first thought that maximum out- 
put was important, and when loaded for this condition with 
external load resistance equal to the machine resistance, voltage 
regulation was found to be 50 percent and the efficiency cor- 
respondingly:bad. Further consideration showed, however, that 
good efficiericy and*voltage regulation was obtainable by oper- 
ating where the external load resistance was high compared to 
that of the machine, and modern machines are built to operate 
in this manner, although the output is much less than the maxi- 
mum theoretically possible. Considering the modulator unit, 
the distortion was roughly comparable to the voltage regulation 
on the generator, and while actual power output efficiency is not 
important,.the relative voltage output of the oscillator is; 
therefore, it is highly desirable to keep the modulator 
impedance low, in comparison to the load with which it is to 
work. Also, the curvature plate voltage, modulator-grid char- 
acteristic is produced by the change in average modulator im- 
pedance at different grid voltage amplitudes, and if the total 
impedance of the circuit is designed to be comprised mostly by 
the oscillators, which have substantially a constant impedance, 
the characteristic will be practically a straight line, with slight 
variations of modulator impedance having little effect. The 
same consideration applies equally to amplifiers, as a modulator 
as only a large power amplifier and in the audio equipment, as 
will be seen later, tubes in parallel are used to reduce the internal 
impedance, and not because large power output is required. 


AUDIO FREQUENCY APPARATUS 


Telephone lines from the various places of pick-up come to 
the telephone exchange works at East Pittsburgh, at which point 
the audio control is installed. Four lines connect this point with 
the station, a distance of approximately three miles. These lines 
terminate on the switehboard in the control room. Three com- 
plete station amplifiers ave installed (shown in Figure 14). Any 
one of these may be connected with either broadcasting trans- 
mitter. The upper amplifiers (Nos. 1 and 2), have one 5-watt 
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balanced or push-ball stage and one 50-watt balanced Stage. 
(See Figure 15 for diagram.) No.3 is a single-side design, having 
two 5-watt tubes in parallel for the first stage and two 50-watt 
tubes in parallel for the second stage. This unit is impedance 
coupled, while the balanced units are transformer coupled. 
Characteristic curve of amplification, versus frequency, is given 


Figure 14— Audio Frequency Amplifier 


in Figure 16. It will be seen that the amplification is substan- 
tially constant from 50 cycles to 1,000 cycles, after which the 
curve rises gradually to 6,000 cycles. The audio frequency thus 
amplified is stepped down to the line connecting the amplifiers 
and the modulator units. 


Control of the amount of modulation is nominally in the 
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hands or the man at the control position in the telephone ex- 
change at East Pittsburgh Works. АП line switching is handled 
from this point and potentiometers and filters are so arranged 
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that by means of а vacuum-tube voltmeter the audio input to 
the station is held substantially constant at the proper level and 
line loss compensation is effected. In cases of emergency, the 
modulation can be controlled by potentiometer at the station 
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which is connected between the lines and the station amplifiers, 
as shown in diagram, Figure 15. The station amplifiers are 
furnished with filament power from a 12-volt storage battery, 
and the 5-watt stages are furnished 200-volt plate power also 
from a storage battery, while the 50-watt plate energy is ob- 
tained from a single-phase rectifier at a voltage of 2.200 direct 
current. By means of a potentiometer arrangement, this 2,200- 
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volt direct current may also be used for the 5-watt stages, giving 
a net voltage of 350. Thoriated filament, 5- and 50-watt tubes 
are employed. і 

Rectifier. Hot cathode rectifiers are employed for high voltage 
direct. current supply to the radio apparatus. There are three 
of these rectifiers as shown in the schematic diagram, Figure 2; 
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two are of the two-phase type, using twelve type WC-61 water- 
eooled tubes each, and are operated directly from the commercial 
220-volt 3-phase 60-cycle power service. The output rating of 
each rectifier is 10,000 volts 12 ampere direct current, which is 
conservative. The construction of the rectifier frame is similar 
to the modulator frames with the tubes mounted in pairs, one 
pair to each phase. Disconnecting switches, similar to those on 
the modulators, are provided, by means of which any pair of 
tubes can be cut out in the case of trouble, thus permitting the 
rectifier to continue in operation at a slightly reduced output, 
its overload capacity being sufficient to continue normal in this 
condition. 

The connection diagram of а rectifier and filter is shown in 
Figure 17. Three single-phase 220-volt to 22,000-volt trans- 
formers are employed for plate supply. This arrangement gives 
greater flexibility as regards replacement than if а single three- 
phase transformer were used. The direct-current output of the 
rectifier can be regulated in the 10 percent steps between 50 
percent and 100 percent voltage through auto-transformers con- 
nected between the power service and the primary of the plate 
transformers. The high-voltage windings of the plate transformer 
are connected double star, thereby obtaining six-phase power. 
Neutral point of the star forms the negative terminal of the recti- 
° fier. The positive lead from the rectifier is taken directly off 
one of the filament busbars. Filament heating energy is ob- 
tained from one phase of the main supply, using a specially 
insulated transformer to give the proper filament voltage. The 
filament transformer is located in the basement and connected 
to the tubes through relatively long leads. The filament voltage 
is shown by a meter on the rectifier frame, the meter being insu- 
lated by means of a 1 to 1 voltage transformer. This arrange- 
ment is simple and more accurate than measuring voltage on the 
primary of the filament transformer or of providing а special 
winding on this transformer when low-voltage leads are long. 
No filament rheostat is used, as a power supply voltage regula- 
tion is good and the adjustment is not critical. 

Owing to the exceedingly low resistance of the filaments 
when cold, which would result in the tubes drawing & heavy 
rush of current and possible damage if full voltage were applied 
when starting. a delayed action filament voltage relay is used, 
which acts to apply full voltage only after the tubes have be- 
come well heated by a limited current. The action of this relay 
is similar to the acceleration relay on a direct-current motor as 
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it speeds пр. because of the change in voltage across the filament 
as the temperature rises. 

To prevent voltage surges, sometimes caused by the rectifier 
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Tubes. tromainjuring the plate transformers, a surge gap and ground- 
Из resistor and choke are eonnected in each high-tension lead. 
It has been found possible to conserve cooling water for the 
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rectifier tubes by passing it through three or four tubes in series, 
since the loss per tube is relatively small and gives only a mod- 
erate rise after passing through several tubes. 

The filter used to smooth out the ripple left in the direct 
current from the rectifier, consists of а 5-henry choke coil and 
12 ^f. of condenser as shown in the diagram, Figure 17. "This 
filter employs standard 10,000-volt condensers іп one 1% Ff. 
units which operate without balance resistors and their attendant 
losses. Figure 18 shows the filament modulator chokes and 
contactor panel. 

The voltage ripple left at the output of the filter is so small 
that it cannot be seen on an oscillograph using a 3-inch deflec- 


FicvRE 1S—No. 2 Transmitter, Filter Control Panel 


tion and is inaudible on the receivers used at the station. Аза 
unit with the rectifier filter, and built in with it, is the modulation 
choke system, consisting of two 5-henry inductances which are 
duplicates of the filter choke. 

Control. All of the apparatus may be controlled by means 
of push button and signal lights located in the control room, 
which is separated from the main apparatus room by a glass 
partition. Figure 19 shows the control desk. At the back of the 
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desk are the control buttons, signal lights, and modulation 
meters for transmitters Nos. 1 and 2, and buttons and lights for 
No. 3 transmitter. The audio frequency board, referred to 
previously, is at the left of the desk and includes a potentiometer 
for proper adjustment of audio input voltage. The chief oper- 
ator, who is stationed at the desk, thus has complete control 
of power and audio circuits. The second operator is stationed 


Ғіасве 19—Control Desk 


in the apparatus room and makes necessary adjustments of 
filaments, voltages, power output, wavelength, etc. 

The power control is associated closely with the rectifier and 
operates in connection with it. The elementary diagram of the 
control system is shown in Figure 20. Relays are provided 
which give overload protection to both' alternating-current and 
direct current-circuits and cut off the plate power in case the 
safe maximum is exceeded. Water pressure relays are used on 
all the tube frames, which interlock with the filament control 
relays and main power circuits to prevent any power being ap- 
plied to the tubes until the water circulation is satisfactory. 
Relays are also provided on the modulator and oscillator, which 
prevent the application of plate power until the tube filaments 
are up to normal voltage. The push-button control and relays 
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are so interlocked that it is impossible to start filament and high- 
voltage in any way other than the proper sequence. In case the 
high-voltage-start button is operated, the filament will be 
brought up to the proper voltage and the high-voltage then 
applied automatically. Simultaneously, with starting the 
radio transmitter, the speech amplifier filament and plate sup- 
ply may be connected so that the entire set can be placed in 


5 
Йй 45 Control 


Амд ер М7 1 Reet Coatrol 
89 


-—— rarer 


(34 


220У 39-волу Supply 


Figure 20—Cireuit Control Diagram 


operation by the pressing of one control button. Signal lights 
for each transmitter show when the cooling water is flowing, 
when the tube filaments are lighted and when the plate voltage 
is on. These lights are in the control room directly in front of 
the chief operator. Safety lock-out push buttons, which pre- 
vent application of high voltage, are provided on the tube frames 
for the use of the operators when making adjustments or repairs 


to the equipment. 


JH LITTLE AND Davis: “КОКА” 


Cooling water system is of the recirculation type, but no 
cooling tower is used. Cooling is effected by introducing fresh 
water into the circulation system as required to keep the tem- 
perature below the safe maximum. The supply water is very 
cold and only a relatively small amount is needed. The heat- 
dissipating ability of the system allows the operation of the set 
for a period of 30 to 45 minutes, without the use of outside cool- 
ing water. Two circulating pumps are provided. one of which 
is used as a spare part. 


NO. 3 TRANSMITTER 


No. 3 transmitter is employed for interworks telegraph ser- 
vice. Two WO-41 tubes are used as oscillators on either side 


Е1ссвЕ 21— No. 3 Transmitter 


of a push-pull circuit. The tubes work self-exciting into the 
primary oscillating circuit from which a short transmission line 
carries the power of 6 to 10 kw. to the antenna. Figure 21 shows 
the oscillator frame. Keying is ordinarily effected by means of 
compensated wave with a condenser type of relay. Straight 
keving by blocking with a holding bias, provided by a single 
tube rectifier, can also be used. Plate power is at 6,000 volts 
from a single-phase rectifier and filter, Figure 22. 


лі 
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No. 1 TRANSMITTER 
The transmitting apparatus, working on a frequency of 
4,800 ke. (62.7 meters), is known as No. 1 set, as it was the first 
set installed in the building. Many changes have been made 
in this set since it was installed and put into operation last vear. 


FIGURE 22— No. 3 Rectifier 


The present arrangement utilizes one of the six-phase, 10,000- 
Volt rectifiers described above. Modulation is by the constant 
current system. The radio-frequeney apparatus is shown in 
Figure 23, and is of the quartz crystal controlled type. The 
crystal controls the frequency of a 5-watt tube and this is 
amplified through one 250-watt stage, one 500-watt balanced 
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stage, one 10-kw. balanced stage, and one 20-kw. balanced stage. 
Coupling to the antenna is by means of a short transmission 
line, the antenna itself being of the grid vertical conductor type. 
This crystal-controlled equipment may be the subject of a separ- 
ate paper in the future and it is not thought advisable to say 
more about the radio-frequency apparatus at this time. The 
results obtained have been very gratifying. Our transmissions 
have been relayed in England, France, Germany, South Africa 


ЕсовЕ 23—No. 1 Transmitter 


and Australia. The use of the quartz crystal as a frequency 
stabilizer has gone a long way in improving the quality of trans- 
mission at short wave lengths. | 


CONCLUSION 


It will be seen from the above description that, with the in- 
stallation of duplicate equipment and switching arrangements 
made for the transfer of rectifiers, filament-generators, amplifiers, 
etc., from one set to another, failure from any cause is guarded 
against and continuity of service assured. Nothing has thus 
been spared in making KDKA a station that gives the best 
quality of broadcasting service. 


A RADIO FIELD-STRENGTH MEASURING SYSTEM 
FOR FREQUENCIES UP TO FORTY MEGACYCLES* 


| Ву 
H. T. Friis AND E. Bruce 


(BELL TELEPHONE LABORATORIES, INc.) 
INTRODUCTION 


There have been presented to the Institute descriptions of 
radio field strength measuring equipment which cover frequencies 
from the lowest in present usage up to and including the broad- 
cast range.T This paper will deal with а new system of measure- 
ment which has been used successfully at а frequency as high as 
forty megacycles. While this frequency has been the extent 
of our endeavor, it is our belief that the fundamental principles 
can be employed at still higher frequencies when the occasion 
demands. 

PRIOR SYSTEMS 


Previously, the most satisfactory method of radio signal 
measurement consisted of the substitution, for the received signal, 
of a known locally-generated e.m.f. at the loop center, identical 
in frequency to the signal, and of such magnitude as to produce 
the same receiver output as that resulting from the received 
signal. Under these simulated conditions, the known locally- 
generated e.m.f. is equal to the voltage induced in the loop by 
the signal. The field strength is obtained by dividing this 
induced voltage by the effective height] of the loop. 

The magnitude of the locally-generated e.m.f. is usually 
obtained by passing a known current through a known im- 
pedance inserted at the loop center. It is desirable that this 
known impedance be a pure resistance in order to establish its 
independence of frequency, also its value should be kept as small 

*Received by the Editor, April 29, 1926. Presented at a meeting of 
THE INSTITUTE OF RADIO ENGINEERS, May 5, 1926. 

t‘Note on the Measurement of Radio Signals, " C. В. Englund, Pro- 
CEEDINGB OF THE INSTITUTE OF RADIO ENGINEERS, February, 1923. 

“Radio Transmission Measurements,” R. Bown, C. R. Englund, and H. T. 
Friis, PROCEEDINGS OF THE INSTITUTE OF Rapio ENGINEERS, April, 1923. 

“Portable Receiving Sets for Measuring Field Strengths at Broadcasting 
Frequencies,” А. G. Jensen, presented before Tue Іхвтітсте оғ RADIO 
ENGINEERS, New York, April 7, 1926. 


{Тһе effective height of a loop is defined as the height of an equiv alent 
vertical wire, having the same induced voltage. 
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FUNDAMENTALS OF PROPOSED SYSTEM 
_wviewing these difficulties, the conclusion was reached 
à "| considerable advantage would be experienced if a voltage 
свет magnitude to be actually measurable by means of 
2 һе voltmeter were induced into the loop from the local com- 
магію oscillator. In conjunction with this, а voltage attenu- 
ator would be located elsewhere in the receiver proper. Thus, 
instead Of placing the attenuation between the comparison 
scillator and the loop, with the accompanying danger of unde- 
sired "pick-up," comparable in magnitude to the small induced 
voltage, the attenuation was placed beyond the loop in order 
to minimize the necessity of elaborate shielding of the oscillator. 
This simple expedient proved a great constructional economy. 
Furthermore, the search for an appropriate location for the 
voltage attenuator, beyond the loop, revealed the desirability 
of placing it on the output of the intermediate-frequency detector 
of а double-detection scheme, with due regard for the limits of 
overloading of this tube. The importance of this arrangement 
should be emphasized. It means that the attenuator need 
operate at only the fixed intermediate frequency. Since this 
frequency has been selected as 300 kilocycles, great accuracy 
is possible without elaborate attenuator design, regardless of the 


signal frequency. 


MEASURING 8YSTEM FOR FREQUENCIES UP TO FORTY MEGACYCLES 509 


Аз an illustration, Figure 1 will be of assistance in explaining 
how these principles may be employed in the measurement of 
some unknown voltage occurring at a high frequency. 

The intermediate frequency detector also serves as a tube 
voltmeter actuating the d.c. plate circuit meter A; shown in the 
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FIGURE 1—Voltage Measurement Apparatus 


sketch. The gain control or voltage attenuator is calibrated 
direetly in voltage ratios; thus & reading of 10,000 indicates 
that the input voltage to the attenuator is 10,000 times larger 
than the output voltage. 

From the modulation theory, it is known that 

E,=k Ex Ер p (1) 

below the overloading limits of the intermediate frequency 
detector. 7 

Applying the unknown voltage Ey at a frequency f, the 
frequency of Ев is adjusted to be f+300 Ес. The attenuator 
is then regulated until a convenient defleetion appears on A>. 
Assume this attenuation to be «,. Then we can write 


E,= k Ex Ев (2) 
аі 
Suppose we substitute for Ex & voltage Е,, identical in fre- 
quency, but sufficiently large to Бе measurable when using the 
intermediate detector as a tube voltmeter (Ер turned off). With 
Ер the same as in (2), the attenuator is readjusted to @ where 
А, again reads the same as before. Under these conditions E, 
must also be the same as previously. Now 
Е, =" ЁоЁв (3) 
ad? 


Equating (2) and (3) 


E к= р which is the desired equality. (4) 
т” 
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as is practical. 'The minute, known currents are obtained by 
attenuating measurable currents by known amounts through 
the use of suitable networks. It is evident that the local oscil- 
lator and the attenuating network must be separately and 
thoroughly shielded from the loop or failure will result. 


DIFFICULTIES AT HIGH FREQUENCIES 


As the frequency is increased, the proper construction of 
the described system becomes more difficult. Unless great 
ingenuity and extreme caution are exercised, inaccuracies creep 
into the attenuating networks, due to reactive effects, as well 
as into the resistance at the loop center. The problem of shield- 
ing at very high frequencies becomes considerable by reason of 
the low field strength values at which high-frequency communi- 
cation is possible. Since the problem of the authors was to 
design apparatus for the measurement of signals at frequencies 
as high as twenty-five times the upper frequency limit of appara- 
tus then available, the economic aspect eliminated existing sys- 
tems from consideration. 


FUNDAMENTALS OF PROPOSED SYSTEM 


In reviewing these difficulties, the conclusion was reached 
that a considerable advantage would be experienced if a voltage 
of sufficient magnitude to be actually measurable by means of 
a tube voltmeter were induced into the loop from the local com- 
parison oscillator. In conjunction with this, a voltage attenu- 
ator would be located elsewhere in the receiver proper. Thus, 
instead of placing the attenuation between the comparison 
oscillator and the loop, with the accompanying danger of unde- 
sired "pick-up," comparable in magnitude to the small induced 
voltage, the attenuation was placed beyond the loop in order 
to minimize the necessity of elaborate shielding of the oscillator. 
This simple expedient proved a great constructional economy. 

Furthermore, the search for an appropriate location for the 
voltage attenuator, beyond the loop, revealed the desirability 
of placing it on the output of the intermediate-frequency detector 
of a double-detection scheme, with due regard for the limits of 
overloading of this tube. The importance of this arrangement 
should be emphasized. It means that the attenuator need 
operate at only the fixed intermediate frequency. Since this 
frequency has been selected as 300 kilocycles, great accuracy 
ix possible without elaborate attenuator design, regardless of the 
signal frequency. 
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As an illustration, Figure 1 will be of assistance in explaining 
how these principles may be employed in the measurement of 
some unknown voltage occurring at a high frequency. 

The intermediate frequency detector also serves as a tube 
voltmeter actuating the d.c. plate circuit meter A; shown in the 
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FIGURE 1—Voltage Measurement Apparatus | 


sketch. The gain control or voltage attenuator is calibrated 
directly in voltage ratios; thus a reading of 10,000 indicates 
that the input voltage to the attenuator is 10,000 times larger 

than the output voltage. | 
From the modulation theory, it is known that 
ЕЁ =КЕх Ев — (1) 


below the overloading limits of the intermediate frequency 
detector. | 
Applying the unknown voltage Ех at а frequency f, the 
frequency of Eg is adjusted to be f+300 ke. The attenuator 
is then regulated until a convenient deflection appears оп A>. 
Assume this attenuation to be 4. Then we can write 
E,= k Ex Ep (2) 


01 


Suppose we substitute for Ey a voltage E., identical in fre- 
quency, but sufficiently large to be measurable when using the 
intermediate detector as a tube voltmeter (Eg turned off). With 
Ев the same as in (2), the attenuator is readjusted to а where 
А, again reads the same as before. Under these conditions Ед 
must also be the same as previously. Now 


Е, = k Eo Ев (3) 
Equating (2) and (3) 
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E x=Fo— which is the desired equality. (4) 
ЕЕ 
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"X e can extend these manipulative operations to the measure- 


-- of a radio signal by means of the apparatus shown in 
sou 2А. These operations are tabulated below. 


М: 


IF FILTER 
ATTENUATOR 
ІР AMAL 
LF ОЕТ 
(SEE FG 1) 


is FREQ DET 
LOCAL. COMPARISON OSC 


лене 2—Field Strength Measurement Apparatus 


TABLE OF PROCEDURE | 
Attenuation Ratio 
of Attenuator 
| the aveeeiving set is tuned to the incoming signal. 
the attenuator is adjusted until a convenient output 
& cs Gon is obtained. This deflection is noted. а, 
в Whe local comparison oscillator is started and 
пища! £o resonance with the receiving set. 
* [he attenuator is adjusted to make the output 
ih nime dus in Г. а: 
зе pt V to the grid of the intermediate 
пециенеу detector is determined (beating oscillator 
a elt during this measurement). 
ttt 0 Ube grid of the intermediate frequency detector 
u connected through Ся to the local oscillator input 
vi shown in Figure 2B. 
D Che attenuator is readjusted to make output 
Cho anime as in ease I. аз 
тош this table we have 
Voltage across half of the loop due to in- у 


coming signal | = — volts 

(t2 

1741 
Loop voltage step-up (the ratio of half of 
the loop terminal voltage to the induced аз 
voltage) TOWN oe tx 

(13 

Voltage induced. in loop by comparison 7 
oscillator = Е = — volts 


Voltage induced into loop by incoming signal = — volts. 


IC should be noted here that it is entirely unnecessary for 
che transmitter of the incoming signal to stop while measure 
ments are being made. 


nn ee eee 
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DETAILED DISCUSSION 

With this explanation of the fundamental principles under- 

lying the proposed system, some refinements in the accurate 

measurement of the voltage step-up В of the loop may well be 
discussed. 

Figure 2A illustrates the usual arrangement for obtaining 

the beating oscillator input in double-detection sets and the 


ratio of attenuations = (as of the previous table) should normally 
as 


give the effective loop step-up. Unfortunately, however, such 
a procedure leads to a large error due to a large change in beating 
oscillator input to the intermediate-frequency detector, as the 
change is made from connections 2A to 2B. Also a small error 
due to the voltage drop across Lg is present. 

In Figure 2A, the loop resonance frequency differs from the 
beating oscillator frequency only by the value of the inter- 
mediate frequency. At short waves, this proximity is usually 
very close in percentage. The removal of the loop circuit, 
Figure 2B, therefore greatly affects the beating oscillator input 
due to the radical change in the character of the load on the 
beating oscillator. 

Figure ЗА shows a balanced beating oscillator input system 
where the input from the beating oscillator is independent of 
loop tune. Changing the connections to those of Figure 3B 


Fiure 3—Balanced Beating Oscillator Input Circuit 


gives the loop step-up fairly accurately. However, this measure- 
ment is still slightly in error but is а great improvement on the 
method in Figure 2. This error results from the removal of L, 
from the circuit L, – з – Гл – Ст through which the current, 
induced by the beating oscillator, circulates. Since the impe- 
dance of Li is small compared to that of Ст, the error resulting 
from the removal of L, is small but increases in magnitude at 
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shorter wave-lengths. Тһе voltage drop across L, is still 
responsible for a small error. 

Figure 4 shows the methods finally adopted and Figures 5 
and 6 are photographs of а measurement set employing this 


VF. FILTER 
AT TENUATOR 
ТЕ AMAL. 
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(SEE FG 1) 
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Fictre 4—Circuit Finally Adopted of Field Strength Measurement 
Apparatus Employing Grid. Modulation 


scheme. The local signal voltage impressed on the tube input 
in Figure 4A is very close to half the loop terminal voltage. 
(V is over 100 times Ё and nearly at right angles vectorally). 


Input Switch. 


Local Oscillator 


Input Control. Loop Tuning. 


Input cirouit 981400, 


Local Oscillator. Beating oscillator 


Intermediate Freq. — Output Meter. 


Detector letér. 


Attenuator Multiplier, 


Attenuator _ 
} to 100. 


——— Telephone Jack. 


Arplification 
Control. 


Intermediate req. 
Amplifier Panel. 


Audio Frequency 
Oscillator Panel. 


Battery Controls. 


== PEE , 
- 


Fictre 5—Field Strength Measurement Apparatus Em- 
ploving Grid Modulation 


In Figure 4B the coil L, has been connected across points ac. 
No change in the beating oscillator input occurs from this 
change in connections, since there is no potential difference 
between a and c in respect to the beating oscillator. The im- 
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pedance of the coil L, is very small compared with the impedance 
between points a and c. "Therefore the voltage impressed on 
the tube input by virtue of E is 2 By this method we measure 


the ratio 


V 
Е =2 В -twice the loop step-up. 
5 

This method has been carefully checked by calculation of 
the loop step-up from the measured frequency characteristic of 
the loop circuit. These checks have been very satisfactory. 


Loop Tuning. Inpat 3witch. 
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FiGURE;6—Same as Figure 5, with Copper Shielding Boxes 
Removed 


It might be mentioned that possible errors in practice due 
to spurious capacities to ground do not occur because of the small 
impedance of the source E. Also it is not absolutely necessary 
that the loop circuit be accurately anti-resonant in Figure 4B 
since the loop impedance is large compared with that of Le. 

Figure 7 illustrates the application of the method of measure- 
ment in the case of plate modulation of the beating oscillator 
input. The introduction of the beating oscillator in the plate 
circuit of the intermediate frequency detector is important be- 
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cause it makes possible the simplification of the input circuit. 
Balancing is provided so that no appreciable voltage from the 
beating oscillator appears between the grid and filament of the 
intermediate frequency detector. Under these condition: 
changes in the input circuit impedance do not react on the beat- 
ing oscillator. Here again the use of the anti-resonant circuit 
in Figure 7B prevents errors due to the low impedance of the 
grid to filament capacity of the intermediate frequency detector 
at high frequencies. A measuring set has been constructed 


BEATING OSC (PUSH PULL) 


, / 


Біссне 7—Field Strength Measurement Apparatus Em- 
ploving Plate Modulation—Loop Antenna 


employing the plate modulation scheme. This is illustrated 
by photographie reproductions in Figures 8, 9 and 10. 

Since the input circuit for the plate modulation requires no 
balanced circuits, as does the grid modulation scheme, this sys- 
tem is particularly applicable for operation in conjunction with 
antenna systems as shown in Figure 11. "This provides а means 
of increasing the sensitivity of the set. It of course is necessary 
to know the effective height of the signal collector of measuring 
sets and this can be calculated quite accurately in the case of a 
loop. When antennas are used, their effective height can be 
obtained in terms of a known loop by direct comparison, using 
a small portable oscillator placed ten or more wave-lengths away 
from the antenna. 

This system of measurement is naturally wholly dependent 
on the calibration of the intermediate frequency detector as a 
tube voltmeter and the independence of this calibration as to 
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frequeney. Direet laboratory measurement has demonstrated 
this independence for frequencies varying from 60 up to 2,000,000 
eycles per second. At higher frequencies, laboratory checks are 
difficult due to an absence of a suitable standard of comparison. 
There does not seem to be any reason to believe that the cali- 
bration does not hold up to possibly 50 megacycles. It has 
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Figure 8— Field Strength Measurement Apparatus Employ- 
ing Plate Modulation 


always been found most convenient to calibrate the tube volt- 
meter at 60 cycles per second. 
The statement has been made in connection with Figure 1 
that 
Ет=КЕх Ев 


for the intermediate-frequency detector within the limits of 
overloading. By overloading we mean the region where A is 
no longer constant. Careful tests have shown that k does not 
change beyond the limits of tolerance as Ех is varied from 2 
volts down to 2 x 107° volts, at а frequency of one megacycle, 
Where it is still possible to construct potentiometers of sufficient 
accuracy. 

Circumstantial evidence as to the accuracy of this action at 


r 
* 


high frequencies is given by the fact that when Ех and Ев at 
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about 40 megacycles are made the same as Ex and Eg at about 
one megacycle, as indicated by the intermediate frequency 
detector as a tube voltmeter, the factor k is identical in both 
Cases. 

The gain control or attenuator is made of resistance units 
wound non-inductively (reversed loop) on a thin сага. An 
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FiGvRE 9—Apparatus Employing Plate Modulation with 
Copper Shielding Boxes Removed 


idea of this construction can best be obtained by examining the 
photographs. Maximum attenuation is 107° times. 

The intermediate frequency amplifier is of fairly standard 
construction. Its resonant frequency is 300 kilocycles and the 
band width has been adjusted to about 30 kilocyeles. This 
broad band eliminates “hair line" tuning at the higher signal 
frequencies. 

In regard to the sensitivity of the set, it should be recalled 
that the voltage induced into the loop by the incoming signal 
is given by 
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The field strength іп microvolts per meter of the received signal 
is therefore 


77. (12 
— ВН 
ал В 


pv VxIO" 


where H is the effective height of the signal collector in centi- 
meters. V is usually chosen as one volt for convenience. 


The largest ratio of is determined by the total amplifica- 
41 


tion of the set and the sensitivity of the output indicator.* For 
the sets in the photographs, this ratio is close to 5x 10'. The 


FiGvRE 10 — Field 
strength Measure- 
ment Apparatus 
Employing Plate 
Modulation 


loop voltage step-up ratio 8 depends on the construction of the 
loop. Examples of this ratio are given in the following Table II. 
These values are for the four-turn loop and the two-turn loop 
shown respectively in Figures 10 and 8. Assuming that the 
average product of the loop step-up and effective height is about 
500 (see Table II), the minimum field strength measurable 
when using these loops is about 


* A Western Electric “N” Tube (215-4), Plate Curvature, Tube Volt- 
meter. 


518 H. T. FRIIS AND E. BRUCE: A RADIO FIELD-8TRENGTH 


= 2212102 „а 
* 80,000x500 т. 
TABLE II 


Diameter 


Using an open vertical antenna, constructed of У6 inch copper 
pipe, as a signal collector, instead of а loop, the set sensitivity 
can be multiplied from 5 to 10 times. Table III, below, gives 


ЕтсовЕ 11— Field Strength Measurement Apparatus Em- 
ploying Plate Modulation—Open Antenna 


examples of comparison data on various lengths of pipe, their 
measured effective heights, and their effectiveness as signal col- 
lectors as compared with the previously mentioned loops. In 
most cases, these antennas make possible the measurement of 
fractional parts of а microvolt per meter. 


TABLE III 


Signal 
Antenna Strength Frequency 


: 4-turn loop 
Rod 80cm. 
Rod 231 cm. БЫК Dus 
Rod 427 cm. long....... 


2-turn loop 

Rod 80cm. 
Rod 231 ст. 
Rod 427 cm. 


Rod 10cm. 

Rod 50cm. 

Rod 80cm. Е 

Rod 150 cm. 30 x 106 


It is interesting to note the existence of optimum lengths of 
these antennas at а given signal frequency. This is due to the 
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fact that the radiation resistance increases as the square of the 
effective height while the induced voltage is only proportional 
to it. Simple calculations show that an optimum value is ob- 
tained when the radiation resistance is equal to the circuit re- 
sistance. 

The frequency range of the set utilizing plate modulation is 
from 0.7 to 20 megacycles using a loop antenna. With the 
open vertical antenna the upper limit is raised to 43 megacycles. 
This large frequency range is made possible by the use of a set 
of interchangeable oscillator coils, loops, antennas and tuning 
coils. 

In conclusion, it may be well to enumerate the major factors 
which make this system of short wave measurement possible. 

1. The method facilitates the shielding of the local signal 
oscillator. 

2. All the required known attenuations are made at a rela- 
tively low and fixed intermediate frequency. 

3. The comparison voltage is measured directly by means of 
a tube voltmeter. This method is more satisfactory than the 
current-impedance drop method at the very high frequencies. 

4. Effective balancing circuits have been devised whereby 
the input circuits to the intermediate frequency detector do not 
react upon the beating oscillator input. 

5. The completed system is capable of giving the absolute 
field strength of a received signal within 20 per cent of its true 
value. Comparative signal measurements can be made with an 
error of not more than 5 per cent. The prevalence of fading 
at the high frequencies make these degrees of accuracy quite 
ample. | 


SUMMARY: Тһе paper describes field strength measurement sets for 
frequencies as high as forty megacycles. The apparatus is a double detection 
receiving set which is equipped with a calibrated intermediate frequency 
attenuator and a local signal comparison oscillator. The local signal is 
measured by means of the intermediate frequency detector which is cali- 
brated as a tube voltmeter. 
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RELATION BETWEEN THE HEIGHT OF THE KEN- 
NELLY-HEAVISIDE LAYER AND HIGH FREQUENCY 
RADIO TRANSMISSION PHENOMENA* 


Ву 
А. Ноут TAYLOR 


The theoretieal basis of this paper has been published in the 
"Physical Review" for January, 1926.! The paper referred to 
was in turn based upon certain experimental data? whieh have 
been considerably extended since the date of submitting the 
same for publication. 

The present diseussion concerns itsclf solely with waves short 
enough to show the skip distance effect and one of its main in- 
terests lies perhaps in the indication that it may give as to the 
possible lower limit of wavelength which will be useful in long- 
distance communication. In reference (1), it has been shown 
that for the period covered by the data in reference (2) the aver- 
age height of the Kennelly-Heaviside layer during the daylight 
hours was 150 miles reduced to the basis of the height of an 
equivalent reflector. It must be kept in mind, however,that the 
actual process is not one of reflection. At the same time, for- 
tunately, methods of graphic representation of high-frequency 
Phenomena may be employed based upon an equivalent reflec- 
tion without introducing any inaccuracy, except that it is im- 
portant to recognize that the full treatment on the refraction 
basis is such that in the general case there are four rays coming 
down after refraction from the laver; two of them being plane 
polarized and two circularly polarized; and these four rays need 
not, indeed usually are not. coherent. For the sake of simplicity, 
the following discussion will be based on a single ray, taking the 
one which has the smallest refractive index. This means the гау 
Which will first reach the earth. after refraction (reflection from 
layer at equivalent height). In reference (1), for 150-mile layer, 
it was shown that the shortest wave И would be possible to use in 


long distance communication would be ТЕ meters. Extensive 
SS MR 

*Received by the Editor. April 20, 1926. 

! Hulburt and Taylor, "Physical Review," Feb., 1926. 

? Taylor, PockkbINGS OF THE Іххтгггтк өк Варо ENGINEERS, Decem- 
ber, 1925, 
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меаи have not brought forth any evidence contradicting 
‘hos venelusion, but Inasmuch as the Heaviside laver during the 
ае Пе of the day is lower than at other portions of the day, and 
зан tact lower in summer than it is in winter, it has been thought 
woth while to extend the investigations to the study of trans- 
питон» between 11 and 20 meters, carried out over long distance 
а the middle of the day. The results of these transmission 
мех have shown a very gratifying agreement with earlier 
woth and have permitted some calculations on the height of the 
layer ut various times, which permit to a certain extent, the fore- 
casting of probable results to be obtained at various wavelengths, 
provided those wavelengths are short enough to show skip dis- 
tance effects. Practically, this means waves somewhat shorter 
than 60 meters. The inclusion of the three other waves with 
different states of polarization and other refractive indices will 
not in any way change the character of the general results, but 
will merely serve somewhat to blur or obscure the otherwise 
sharp boundary between zones of reception and non-reception. 
Figure 1 shows the state of affairs when transmitting station 
Sis able to transmit rays at all angles between the vertical and 
horizontal. The horizontal ray. which can only be transmitted 
if the station is elevated a considerable distance off the ground 
‘otherwise it would be absorbed) is, afterrefraction (equivalent 
refraction) from the laver, brought down at a considerable dis- 
tance from the transmitter. Let the angle of the ray with the 
horizontal rav be ОС, The radius of the earth is designated by 
the latter R, and the height of the laver by А. Let ОС” be the 
гау of the highest angle, which ean be used and still return to 
the earth. The line +A is drawn from the center of the earth 
to the point on the laver which is struek by this ray. This ray 
returns to the earth ап angular distance of 0? from the trans- 
mitter S. This angle to 07 corresponds to the skip distance, 
that is, Y=24 60.8. What actually happens is that all rays 
аба higher angle than ОС, if the wave is short enough, are not 
sufficiently refracted ever to return to the earth, or, putting it on 
the equivalent reflection basis, we may зах that since we exceed 
the critical angle, thay will not be reflected. Jt must be kept in 
mind that the velocity within the laver is higher than the velocity 
in free space, due to the presenee of electrons within the layer. 
The angle P is the critieal angle. It the ray strikes the layer in 
such а way as to exceed the critical value of В (which is. of course, 
a function of the frequency), the ray will not return. This is the 
physical meaning of the skip distance. It will be seen that for 
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а layer of uniform height, а simple relation exists between 
В, 0, с” h, R and #, the refractive index, where ОС” is the value 
of ОС, corresponding to the critical value of В. This relation is 
cos ( ос’ И) = "C СС’ = sin В = и. 

The curve of the refractive indices is shown in Figure 2, the 
values being calculated as previously in reference (1), using the 
ray with the smallest refractive index. Knowing the value of 
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FIGURE 1 


the refractive index for any wave, we are in a position to com- 
pute the critical value of ОС, which may be used; in other words, 
the radiation of the highest angle which is useful in producing a 
return wave from the sky. Further we can compute the width 
of the zone of reception for any given cone of emitted rays. If, 
for instance, the upper limit of our cone is the critical angle, oc’, 
and the lower limit is the small angle ОС, which in the limiting 
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case is 0 (ray horizontal), there will be two values of 9, where f 
corresponds to ОС”апа 4 corresponds to ОС. ОС” is greater than ОС, 
but 0’ is less than 4. The breadth of the first zone of reception 
4; Е 
360 
In general, if B, is the breadth of the nth zone of reception, then 


B- (0 — 8^). | 
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FIGURE 


The next zone beyond n will have the breadth 


4zR 
Basi = 360° (n+ 1) (0 = 0^) 
This is assuming that 0 is measured in degrees. The gap or zone 
of non-reception, lying between any two zones is from the ad- 
vanced edge of zone n to the rear edge of zone n+1, which is 


‚ Ach j 
G,= 360 [(n+1)0 —n 0] 
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There will be no gaps when this expression is negative; that is; 
when n 0,2. (n--1)0', or п2. г qr 

The following illustrations will show this works out. Case 1— 
Suppose our cone of rays is limited between the horizontal ray 
and 10°. @ then is equal to 15° 27’ and 0” is equal to 8°, 20’. 
The application of the preceding criterion for the existence of 
gaps shows that a gap does occur between zone 1 and zone 2, and 
that the gap is nearer zone 1 than it is to zone 2. Case 2—A cone 
of rays limited between the horizontal and 15°. If this case is 
calculated we find that 9 equals 15°, 27’, 9’ equals 6°, 24’, and 
the application of the criterion for gaps shows that there are no 
gaps after the first skip distance; that is, there are no gaps in 
reception following zone 1, but И the nearness of the transmitter 
to the ground should so absorb the lower rays that our cone is 
limited between 5? and 10°, the calculation shows that 0 will 
equal 11°, 13’, 9' equals 8°, 20’, and the application of the criterion 
indicates that the gaps do not disappear until the region of recep- 
tion is beyond the second zone. The criterion will also show that 
- there is grave danger in the neighborhood of the outer edge of 
zone 3, since the conditions for no gaps are barely met and a very 
little variation in the height of the layer will introduce a gap. 
A limiting case for extremely short waves is where the refractive 
index is equal to unity. This would give 


R+h 
R 


, 
08 ОС = 


This, of course, can only be true if л 20; in other words, unless 
the layer is extremely low down, extremely short waves cannot 
be used effectively over distances of more than a few miles. It 
15 interesting to see whether these results сап be expressed 
graphically in such a way as to approximate the actual distance 
of long distance transmission. 

Figure А depicts the pattern produced on the earth by dif- 
ferent zones of reception and non-reception when there are three 
different eonditions for a Heaviside layer height of 150 miles, 
and two different wave lengths, which show an initial skip 
distance of 500 and 1,500 miles, respectively. The figure is 
drawn to scale and assumes a uniform layer. The transmitter 
is at W. The ray at the critical angle for the wavelength of 500- 
mile skip distance is drawn as a solid line. The ray at the critical 
angle for the wave, which shows the 1,500-mile skip is represented 
by long dashes separated by a single dot. The horizontal or 
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tangent ray is represented by long dashes separated by two dots, 
and the ray for which ос = 3°, that is, 3? above the horizontal, is 
represented by short dashes. 

Case 1—500-тще skip. The first zone of reception, if we con- 
sider the transmitter capable of getting out all rays down to the 
horizontal, lies between 500 and 2,000 miles. The second zone 
of reception lies between 1,000 and 2,000 miles; the third be- 
tween 1,500 and 2,500 miles, etc. It will be seen that there are 
no secondary skips or zones of non-reception after the first skip 
distance. The diagram for this ray is, therefore, not carried out 
beyond 2,500 miles. In the region between 1,000 and 1,500 miles, 
we have two kinds of rays, one family having suffered one reflec- 
tion and the other family having suffered two reflections. In 
the region between 1,500 and 1,750 we have three kinds of rays, 
and again two kinds between 1,750 and 2,000. Beyond 2,000 
there are always three or more kinds of rays, due to the over- 
lapping of the zones. If we take into account а certain amount 
of absorption in the lower rays, which is usually inevitably the 
case, and cut off the 3? next to the horizontal, we find that the 
first zone of reception falls between 500 and 1,750 miles, but that 
the zones still show а good overlap, so that there is no danger 
of any missing region developing further out. Now consider a 
much shorter wavelength showing а 1,500-mile skip. We find 
that if we include rays at the horizontal, the first zone falls be- 
tween 1,500 and 2,000 miles; the second between 3,000 and 4,000, 
leaving a wide gap between. The third zone falls between 4,500 
and 6,000, with à somewhat narrower gap between zone 2 and 3, 
and that after 6,000 miles no further missing regions develop. 
For this condition the diagram stops at 8,000 miles, it being 
unnecessary to carry it any further. If, however, we again limit 
the lower side of the ray Бу а ground absorption or any other 
artificial means, sich as the use of a suitably arranged reflector 
or by special means of tuning the antenna system, we find that 
the first zone of reception 13 very narrow and lies between 1,500 
and 1,750 miles. For the second zone it lies between 3,000 and 
3,500; for the third, 4,500 and 5,250; for the fourth, 6,000 and 
7,000; for the fifth, 7,500 and 8,750, and for the sixth between 
9,000 and 10,500 miles. In other words, it would be necessary 
for а ray to travel almost to the antipodes before the condition of 
alternating regions of reception and non-reception 18 done away 
with. This, of course, does not represent an actual case, because 
the layer could not possibly be even approximately at & uniform 
height over so great a distance. The discussion shows, however, 
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the general trend of affairs as they exist, and by observing the 
primary and secondary skips produced by such short wave 
radiations it has been possible to get certain checks on. the gen- 
eral theory. It should, also be pointed out that these missing 
regions will occur at somewhat longer waves if the layer becomes 
of sufficient height. Experimental data have been collected 
along these lines, and there 1s sufficient evidence to indicate that 
this general conclusion agrees with the facts. 

It is possible to analyze the situation graphically in another 
way which presents, in a clearer way, the varying conditions as 
the height of the laver is changed. Figure 3 shows the values 
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FIGURE 3 


of 0 corresponding to different values of ОС for the different zones 
of reflection, and for rays varying from horizontal to 40° with 
the horizontal. To find the position on the surface of the earth 
where апу one of these rays come down, it will be necessary to 
find the value of 8, which corresponds to any given value of &. 
Assuming that the rays coming down from the sky will be re- 
flected up again at the same angle, which some of them at least 
will do, if they will strike a sufficiently large piece of horizontal 
flat ground or water, the zone where the ray comes down after 
two reflections from the layer is shown by the next curve zone, 
No. 2, and so on for succeeding zones. Figure 3 is drawn for a 
Heaviside layer of 100 miles, which corresponds very accurately 
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to the mid-day height over the American continent for the Spring 
of this year. In order to determine what angles are actually 
available for useful transmission, it is necessary to take account 
of the critical values of oc , and therefore of the variations of the 
same with wavelength. The curve in the upper right-hand cor- 
ner of Figure 3 gives these data and from values taken from this 
latter curve, we can draw straight horizontal lines corresponding: 
to different wavelengths on the main diagram. All portions 
above these lines indicate, for that particular wavelength, those 
higher angles of radiation which are wasted as far as long-distance 
transmission is concerned. For instance, using a wavelength 
of 32.1 meters, it is possible to utilize rays of as high an angle as 
40°, but when using the 15 meter wavelength, all rays higher 
than 10.8? are useless. They may be all right for communica- 
tion with other planets, but they never return to the earth. 
The limiting angle on the lower side is more difficult to specify 
as Ц differs greatly with different antenna installations and the 
method of exciting antennas. Ап antenna may be so excited 
as to exclude rays of а certain angle which will certainly be very 
disadvantageous on certain wavelengths for reaching certain 
portions of the earth's surface. On the other hand, an antenna 
close to the earth 1s liable to have a few degrees near the hori- 
zontal taken out by the earth's absorption. It 15, however, cer- 
tain that the shorter the wave, the nearer we can come to using 
rays near the horizontal, the amount of absorption depending 
on the ratio between the height of the base of the antenna above 
the earth and the wavelength in such a way as to greatly favor 
thelow angle rays for very short waves. Another interesting 
thing comes out of the diagram, and that is, that it indicates a 
distinet limit as to the shortest wave possible for any long dis- 
tance work whatever. That wave for this particular diagram, 
with a layer 100 miles high, is 117% meters. In this connection 
it is Interesting to note that while this laboratory has repeatedly 
communicated with the Radio Corporation station 6XG at Oak- 
land, California, and with the Radio Corporation station 9XA 
at Denver, Colorado, on 11.8 meters, it has never been possible 
so far during the month of March to communicate on 11 meters. 
It is expected, however, that this will be accomplished during 
May or June—or possibly even during the latter part of April; 
because the Heaviside layer will be somewhat lower at that time, 
which will so modify conditions as to make a shorter wave pos- 
sible. The use of the diagram can best be understood by an 
actual case. For instance, for 20 meters, we see from the insert 
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curve on the nght of Figure 3. that the 20 meter line falls at ate г 
197, This gives the “Кір distance of 7.2 great circle degres ar 
the farthest zone of reception in the first zone extends to 25 gres: 
circle degrees, И now we drop the perpendicular from the inter- 
section of zone 2 curve with the 20-meter line to the intersection 
of that perpendicnlar with the zone | curve, we see that it ents 
that curve at 77. If we are able to utilize radiation between the 
angle of 7* and 19° with the horizontal. we will never have агу 
other skip regions opening up bevond the first. In other words. 
there will be no region of non-reception after the first «Кір. И. 
however, we drop to 12.3 meters we find that the critical value 
of ОС for this wavelength is 5.72. The initial skip distance is 
16.5 great circle degrees, and the limit of reception even for a 
horizontal ray is 25°. This shorter wave gives a longer skip and 
a much narrower zone reception. If we take the intersection of 
the 12.3-meter line with zone 2 curve and drop the perpendicular 
from there, we see that it does not intersect the zone 1 curve: 
there is a large gap from 25° to 32.5°, where there is certain to be 
no reception. This gap has been actually experimentally dis- 
covered a number of times. If we take the intersection of the 
zone 3 curve with the 12.3-meter line and drop the perpendicular 
we find that it just barely hits the zone 2 curve. Since the rays 
probably do not actually come quite down to horizontal, it would 
seem reasonable to expect а рар at 50° (great circle) from the 
transmitter. Beyond this, however, we would not expect gaps 
to occur, unless we are working into a region towards darkness 
where the layer is getting higher. This will be considered as а 
special ease later. 

The general nature of the influence of the height of the layer 
on the lower wavelength limit and the distribution of the zones 
of reception may be seen in the succeeding Figures 4, 5, 6, and 7, 
which are plotted for layer heights of 150, 225, 300, and 500 miles, 
respectively. One hundred and fifty miles represents mid-winter, 
mid-day conditions or late afternoon conditions in the Spring 
and Fall. It may also be considered to represent morning con- 
ditions at similar seasons of the year. Two hundred and twenty- 
five miles represents conditions approximately as they exist at 
midnight: summer nights and 300 miles conditions for the 
middle of the night in Spring and Fall. Figure 7 for 500 
miles represents conditions approximately as they often exist 
during the middle of the night in mid-winter. The fol- 
омір points are of particular interest in connection with 
curves shown in Figures 3 to 7, Inclusive. А critical wave- 
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length, below which no long-distance communication is possi- 
ble, is shown to be: 


11.5 meters for a 100-mile laver 

14 meters for a 150-mile laver 

16.5 meters for a 225-mile laver 

19 meters for a 300-mile laver 

29 meters for а 500-mile laver 
If we take curve 6 as fairly representative of average night time 
conditions and compare it with curve 3, which actually represents 
conditions for mid-day in the month of March, this year, some 


interesting differences in the pattern on the surface of the earth 
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FIGURE 4 


produced by the alternating zones of reception and non-recep- 
tion are to be brought out. 

Consider 20-meter transmission. When the layer is at 100 
miles, the skip distance is 7? and there are no skip regions beyond 
the first. Rays of higher angle than 19? are useless, but when 
the layer is at 300 miles, rays higher than 710° are useless and 
the initial skip distance is 3014°, which is somewhat over 2,000 
miles. There is a very wide gap from 43° to 61^, that is, between 
3,000 miles and 4,250. Following this gap there is а zone of 
reception up to 6,000 miles and then there is another gap beyond 
which reception is continuous. А glance at the diagram suffices 
to show why long distance work in the 20-meter band at night 
shows marked peculiarities and why communication on still 
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shorter waves is impossible. These remarks must not be inter- 
preted to apply to transient or freak conditions. Some interes- 
Ing conclusions can also be drawn as to relative strength of sig- 
nals. if they are received at all. under these two conditions. For 
a point 5.500 miles away, under conditions shown in Figure 3. 
reception is only possible after four reflections. whereas under 
conditions shown in Figure 5. only two reflections are necessary, 
There is no theoretical reason so far for leading us to believe that 
there is any mechanism of absorption whatever in the upper 
layers of the earth's atmosphere for these frequencies. or at any 
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rate if such absorption exists, it is exceedingly small. Tt is true, 
however, that a great deal of energy is lost after a reflection from . 
the earth's surface. We would expect, therefore, that signals 
under conditions shown in Figure 6 would be much stronger, and 
this, as far as information goes, is actually the case. It is also 
true that many of the noeturnal transmissions on 20 meters have 
not been observed at points sufficiently remote from the trans- 
mitter to get positive results. It follows in general, no matter 
what the height of the layer, that at points sufficiently remote, 
a good many different zones take part in the process of reception 
and many different rays of different life history have been brought 
down to the same receiver. This, of course, means an averaging 
out or a reduction in fading effects. This also is strictly in 
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accordance with facts. The main advantage of the short wave 
is that it is able to reach the desired point with а small number 
of reflections. It may be argued that the longer wave has the 
same opportunity, since low angle rays are present, but this is 
not strictly true since at the lower angle the longer wave rays 
are taken out by ground absorption much more readily than the 
shorter rays. The greater height of the layer in winter nights, 
however, favors all wavelengths above 25 meters, which is the 
limiting wavelength for that layer height, because it 18 possible 
for all waves to take longer jumps under these conditions. At 
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the same time a distant point receives energy from a smaller 
number of zones, as can be seen from an inspection of Figure 7. 
Therefore, the fading is liable to be somewhat more violent. 
These conclusions are borne out by praetice. Some interesting 
conclusions сап be drawn as to the probable maximum and mini- 
mum heights of the layer in this portion of the world. Knowledge 
of skip distances and their variations with the time of the day 
and year permit these calculations to be made. Based on the 
longest observed skips in the 40-meter band, the maximum 
height of the layer last winter appeared to be 550 miles. In con- 
nection with this figure it may also be of interest to note that 
since signals on 27 meters have not been observed to completely 
disappear during the winter midnight hours, the layers cannot 
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have been last winter over 706 miles high. Оп the other hand, 
21 meters would repeatedly apparently disappear completely, 
which would lead to a calculated height of 405 miles. The aver- 
age between these two extremes is 555 miles, which agrees very 
well with the height computed from observations in the 40- 
meter band. This perhaps explains why the height of 500 
miles has been chosen to represent mid-winter, midnight con- 
ditions. Another interesting point is that the layer would have 
to rise to 3,300 miles to make a 40-meter wave completely vanish 
and never be received on the surface of the earth. This seems 
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extremely unlikely unless perhaps over the polar regions in mid- 
winter. The evidence from the Polar regions does not indicate 
complete disappearance, but does indicate a very high layer 
during the winter and a very low layer in summer. The data 
are too scanty to warrant calculating the height there. Some ob- 
servations are also at hand taken during the months of July and 
August of 1925, at which time, over a period of nearly a week, 
signals in the 20-meter band showed an abnormally short skip 
distance and indicated a layer height over this brief period as 
low as 51 miles. The limiting wavelength for & 51-mile layer 
would be 7 meters, but the skip distance would have been several 
hundred miles and the pattern on the surface of the earth would 
have shown very narrow zones of reception and very wide zones 
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of non-reception. In other words, it would have been quite 
accidental if communication had been established under such 
conditions and it would be persistent only for а short time. 
Even a small variation in layer height would have flickered these 
zones back and forth so as to give extremely unstable conditions. 
To communicate on 8 meters would require the layer to come 
down to an equivalent height of 61 miles and the conditions 
would be the same to those just described. For 5 meters the 
height would have to be 41 miles, and it seems extremely un- 
likely that this will occur for sufficiently long periods to make 
experimental work worth while. If such work is attempted, it 
should be done in the middle of the summer and the observers 
should be scattered out between 300 and 1,500 miles from the 
transmitting station. 

The experimental data obtained during the daily tests in the 
month of March this year,using waves between 11 and 26 meters, 
have been made possible by the cooperation of the operators at 
the Radio Corporation stations 9XA and 6XG, Denver and 
Oakland. It has been possible to observe the primary skips at 
Denver and the secondary skips, on different wavelengths of 
course, at Oakland, and to correlate this information. Since it 
has been impossible to get successful communication at 11 meters, 
but has repeatedly been possible on 11.8 meters, we can calculate 
the upper limit of the layer height to permit communication on 
11.8 meters and this comes out to be 116 miles. The information 
based on primary skips shows the layer height to have been close 
to 113 miles. The information from Oakland, based on secondary 
skips, shows the layer height to have been 102 miles, and other 
information, based on observations at lesser distances by other 
stations, and on other wavelengths, particularly the twenty- 
meter band, give а calculated height of 110 miles. "This is con- 
sidered to be а very remarkable agreement. "The skip distances 
observed by Denver were, for some of the waves, also secondary 
skips and these also calculated to practically the same height. 
Furthermore, the secondary skips observed by Denver have been 
checked as primary skips by other observers at half the distance 
in entirely different directions, notably by 9CXX at Cedar 
Rapids, Iowa, and 4X E at Winter Park, Florida. It does not 
appear, then, that the agreement in results is a matter of coinci- 
dence. "These transmissions will be continued with the expecta- 
tion that the layer will lower to average mid-day height some- 
where in the neighborhood of 75 miles in the approaching summer, 
which will permit the use of waves down to 9 or 10 meters. 
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The curves herein presented refer. of course, to an ideal con- 
dition. namely. for а laver of unvarving height. It is somewhat 
dificult to get a graphic solution of the problem for lavers of 
varving height. but as information comes In and more data be- 
come available, considerable progress can be made in this direc- 
tion. The variation in the height of the laver is, of course, par- 
ticularly interesting for East and West transmission. Figures 
8. 9. 10. and 11 constitute an attempt to show the general nature 
of the peculiarities in East and West transmission which may 
be expected. The figures are obviously very far from correct 
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FIGURE 8 


and more accurate figures could be constructed if it were deemed 
worth while in the light of the present information—nevertheless, 
they do throw much light on the situation. These curves in 
Figures 8 to 11 are drawn with differing layer height for each zone 
of reflection, which is, of course. an exceedingly poor approxima- 
tion, since the energy received in any zone may be reflected from 
heights not corresponding to that zone, nevertheless, the curve 
shows a marked peculiarity which should perhaps be called, in 
a certain sense, a non-reciprocity in transmission and reception. 
For instance, looking at Figure 8 for summer transmission to- 
wards darkness, starting from high noon at the location of the 
transmitter, we may pick a given wave such as 20 meters and by 
inspection of Figure 3 we sce that rays of as high an angle аз 19° 
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are available. Тһе first region of reception is а broad region 
extending from 7 to 25°. For zone 2, however, by inspection 
of Figure 5 we see that rays up to 15.2? may be used so that the 
second region of reception overlaps the first. However, when we 
get out to zone 4, inspection of Figure 6 shows that rays up to 
only 714° may be used, which do not quite overlap zone 3. How- 
ever, the pattern is one of nearly continuous reception from 7° 
outward. There is merely а small gap in the neighborhood of 95°, 
but if we look at Figure 9, where the transmitter is at midnight, 
we are obliged to start with rays no higher than 715° and no 


h VARIABLE FROM 300 TO 100 MILES 


40” T тг І ————T———. 1 
T | LIV 
34” nr $ $ $ + 
< v 19493 
ж $ Б + ita «€ \2 t t 7 
я " Үс \$ 
> я --ү” ж 
T 1 \ \ Е 
АКА 
\ 
| \ 
\ MME MIS 
Ms $ 4 \ Y + 
d 1 
A . 
1 \ \ \ 
\ \ hs 
| \ M X 
\ \ 
Y “+ - St 
4 | " 
» aw 1 i X 
\ 
6 \ + $ L 
hs } № t ^ 
a 
Z Е. "n ` М, 
<1 1 
С №, 
\ 
ағ“! “ч 
| 1 
2 ; 1 


FIGURE 9 


reception begins until 31^, which is beyond 2.000 miles. More- 
over, rays of higher angle having been cut ой at the beginning 
will not exist thereafter: the result of this is that there occurs 
avery wide gap between zone 1 and zone 2 of reception, namely: 
between 33 and 55^. After that there are no gaps. Obviously 
the zone patterns on the earth’ are very. different for the two 
cases. It would seem, however, that after а rav actually reaches 
а given point, it should be possible to put a transmitter at this 
point and send that same wavelength back in the opposite direc- 
tion and have it received at the original transmitter. However, 
we are really dealing with а complex. band which is being re- 
fracted through an electron. atmosphere іп the presence of a 
magnetic field and it seems reasonably certain that the return 
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ray or rays would at any rate, have entirely different states oí 
polarization from the ray which started out. The irreversibility 
then consists in the different state of polarization and in the dif- 
ferent character of the patterns on the surface of the earth made 
by the zones of reception and non-reception. This sort of thing 
is. of course, clearly emphasized in winter time as shown in Fig- 
ures 10 and 11. Obviously, however, for extremely long East 
and West transmission, one must not use wavelengths which, 
when they encounter darkness in a high layer, will become lost 
because they exceed the critical wavelength for that particular 
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layer. If this be true, very long distance work East and West 
in the winter time should be limited to wavelengths in excess 
of 23 meters and in summer time to wavelengths in excess of 9.0 
meters. At the same time, the waves should be, for strongest 
signals, fairly close to the limiting ray in order to have the smal- 
lest number of reflections and therefore, the least absorption. 

As far as North and South transmission is concerned, the 
limiting cases would probably occur when winter occurs south 
of the equator, and again when winter occurs north of the equator. 
At these periods, transmission may not be wholly reciprocal. 
In the Spring and in the Fall, however, fairly uniform conditions 
should prevail over the entire distance. 

In conclusion it may be stated that there is one station in 
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this country which does not appear to show а skip at all, ог at 
least not at all in line with that shown by Naval transmitters and 
by other transmitters observed at this Laboratory. That station 
is 2X8 of the Radio Corporation, whose signals are received at 
points from 200 and 600 miles distant, which, theoretically. they 
should not reach at all. A number of observations have been 
accumulated upon this station by this Laboratory, and practi- 
cally without exception they show this anomaly. Several 
possible explanations have been advanced and they are given 
here for what they are worth, none of them, however. must Бе 
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taken too seriously. First, that the signals travel entirely around 
the globe. This seems unlikely, because the signals are too 
strong. Second, that there may be an effect near 2X5, due to 
ionization from various sources, which are known to exist in the 
neighborhood of large manufacturing cities. There is little 
doubt that such ionization effects do exist, but that the electron 
density is sufficiently great to account for the refraction and 
production of a sky wave other than the one from the Kennelly- 
Heaviside layer, seems difficult to believe. It is understood that 
the radiator of 2XS is a horizontal polarized doublet, but this does 
not explain in any way the anomaly. Such doublets have been 
commonly in use at this Laboratory for a long time and without 
exception they show normal skip distance effects. The use of the 
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reflector at 2XS does not seem, theoretically, to account in any 
way for the anomaly. If the station were on a sufficiently high 
ground elevation, the ground wave could, of course, account for 
a very long distance before being absorbed. In this connection it 
should be pointed out that, with sufficiently elevated antenna, 
communication by the direct ray is always possible in such a 
way as to cut out the initial skip distance. This has been fre- 
quently demonstrated in aircraft tests by this laboratory. 


SERVICING OF BROADCAST RECEIVERS* 


Bv 
. LEE MANLEY AND W. E. GaRiTY 


(RADIO CORPORATION OF AMERICA) 


Much has been said and much has been written on the many 
troubles that arise in radio broadcast receivers as to what causes 
their failure and how to correct troubles when they occur. The 
radio sections of our daily papers and radio publications have 
devoted columns and pages in answering individual problems. 
These have been of invaluable assistance to the individual, but 
in nearly all cases have referred to specific conditions. 

In this paper we will endeavor to group service problems 
under general classifications, prescribe methods of diagnosing 
them followed by a prescription for correcting them. 

We believe that general methods may be applied in spite of 
the fact that there are so many different types of sets on the mar- 
ket, each one claiming individual distinetion all its own. АП 
radio sets, no matter what tvpe, which fail to give satisfaction 
do so for a number of reasons that are fundamental. 

In general, there are four basic pick-up circuits in use today: 
the so-called regenerative detector, the untuned radio frequency, 
the tuned radio frequency and the super-heterodyne. Any set 
on the market may be classified as using one of the foregoing 
types or possibly & combination of one or more. "There are two 
additional types of pick-up circuits which have fallen more or less 
into oblivion and will not be found in general use in the broadeast 
receivers of today. They are the crystal detector and the straight 
audion detector which employs no form of regeneration whatso- 
ever. 

Receiving sets consist of а pick-up circuit, a detector circuit 
and an audio frequency amplifying circuit. In the pick-up cir- 
cult radio frequency amplification may be incorporated. The 
- detector may be either a tube ог a crystal. In the audio fre- 
quency circuit from one to three tubes are generally used. In 
multi-tube sets employing radio frequency amplifiers, some 
arrangement of circuit is made to suppress or control the tendency 
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of the tubes to oscillate, when the circuits are tuned to resonance. 
Any set on the market today may be grouped under one of 
the foregoing classes as to the circuit employed. 
In much the same way that receivers may be grouped under 
cireuit classifications, their failure to operate may be grouped 
under certain general classes, namely: 


Lack of operating experience on the part of the user. 
Location. 

Defective accessories. 

Open circuit. 

Short circuit. 

High resistance connection. 


Lack of operating experience may be the result of not follow- 
ing out instructions carefully enough, or, аз is sometimes the case, 
the instructions are not complete enough and are not entirely 
clear to the novice. It may be the result of insufficient instruc- 
tion on the part of the service man who made the installation. 
Then, too, it may be the result of impatience on the part of the 
customer. It is a peculiar condition, but a fact nevertheless, that 
the first night a customer has a set, he feels that he should be able 
to get Chicago and points west from New York City. The re- 
sponsibility for this condition rests with either the salesman who 
sold the set or the service man who failed to correct this fallacy 
in the customer’s mind, or with the manufacturer of the set for 
over-advertising his product, and being a little too optimistic 
as to the possibilities of reception. А manufacturer who in New 
York City receives the Pacific Coast stations on his product is 
not justified in making a general statement that this can be re- 
peated at will, giving the impression to the reader of the adver- 
tisement that that particular receiver will perform likewise in 
every other locality. That is incomplete advertising and should 
be discouraged as it has а detrimental effect on the industry asa 
whole, and results in unnecessary service costs. 

Under the caption of location many factors must be consid- 
ered. The type of building in which the installation is made, 
the proximity to steel buildings, power lines, trolley and railway 
lines, and the geological and topographical conditions surround- . 
ing the installation are all important factors. Certain areas 
appear to be "dead" tocertainstations, while at the same time par- 
ticularly good for others. We believe that this is due not to the 
area being “еза,” but to a distortion of the wave front from the 
transmitting station, causing it to be deflected in such a manner 
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as to render reception of signals from that station very difficult 
or impossible in that particular location. 

Under defective accessories we may include defective tubes, 
batteries, loud speakers, antenna and ground installations, also 
improper battery connections. Many sets fail or are returned 
to the dealer as unsatisfactory because of poor antenna and 
ground installations. Many a set of good quality and capable 
of delivering satisfactory results fails because the loud speaker 
that is used with it does not have the proper electrical character- 
istics to operate satisfactorily in conjunction with the receiver. 
Tubes will also cause trouble as they are subject to certain de- | 
fects incidental to fragility. 

Open circuits are generally found in the movable connections 
of the set such as & condenser pigtail, loop leads, loud speaker 
leads, and any other connection that is subject to movement or 
vibration in the normal operation of the set. Open circuits may 
also result from burned-out transformers or from mechanical 
failures in telephone jacks, rheostats, and switches. 

If a set has been once tested and found to be О. K., short 
circuits rarely occur. When they do it is the result of a mechani- 
cal failure of the moving parts or of tinkering with the mechanis.a 
of the set. It will sometimes happen that the pigtail of а moving 
element of the receiver will break and fall in such а way as to 
cause a short circuit of that element. This is particularly true 
of the pigtails of variable condensers. The principal cause of 
short circuits that occur in the normal operation of a set is in the 
tubes. If the filament of the tube should break there is a possi- 
bility of its falling in such a way as to cause a short circuit be- 
tween itself and the plate and grid elements of the tube. When 
such afracture of the filament occurs the voltage of the “В” or “С” 
battery, as the case may be, is short circuited through the con- 
ductors involved. This type of short circuit 1s generally of very 
brief duration as the filament will generally burn out as soon as 
the short circuit occurs. A contact between the grid and plate 
element of a tube is a more serious type of short circuit, resulting 
in the rapid deterioration of the “В” and “С” batteries, and may 
possibly cause a burn-out of the transformer windings in the 
circuits involved. 

The foregoing troubles are relatively easy to check up as they 
are immediately apparent or can easily be located by a con- 
tinuity of circuit test. 

The most difficult type of failure to locate is that caused by a 
high-resistance connection. It is not only difficult to locate, but 
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it is diffieult to determine. This condition will cause the 
set to operate indifferently with rather unsatisfactory results. 
This condition is sometimes mistaken as location trouble. А 
high resistance is possible at any connection in the receiver. 
Soldered connections that are soldered with а corrosive flux that 
has not been properly treated after the soldering operation are 
probably the worst offenders. Weak mechanical springs in tele- 
phone jacks and switches may also introduce high resistance 
connections. 

Radio sets, like individuals, are very much the same the world 
over. They fail or succeed according to a few fundamental laws. 
They are subject, as it were, to the same ills. The doctor can 
diagnose the trouble in a man’s system whether he be well 
dressed or poorly dressed, whether his name be Smith or Jones, 
because he knows the fundamental laws governing the human 
system and 15 not confused by size or shape or a difference in 
physical dimensions. 

One doesn't have to be a radio engineer or a radio expert to be 
able to service а radio set, but one does need experience to be- 
come adept, and some knowledge of the fundamentals is val- 
uable. One must be, of course, familiar with the various parts 
that are commonly used in radio reeeivers such ав rheostats, 
jacks, ete., and must know, in a general way, the function of each. 

Given а first-aid manual, the man in the street with an ordi- 
nary amount of common sense and an ability to read, might go out 
and administer first-aid treatment and, И he followed the direc- 
tions properly, might effect à recovery. А doctor could do no 
differently. His experience would permit him to handle the case 
more skilfully and his intimate knowledge of the workings of the 
human system would permit him to diagnose the case more 
quickly from the apparent symptoms, but the man with the first- 
aid manual would produee the same results in a little longer time 
and vet he knows nothing of medical science. 

For instance, What does a doctor do when he is called in to 
treat a siek person? The first thing he generally does is to feel 
the pulse and while doing that he starts a series of questions as 
to the length of time the person has been ill, where the pains are, 
ete.. and he may even go as far as to inquire into the family his- 
tory. Let that be the practice of the radio service man. Do not 
immediately get out the tool bag and start pulling the set apart, 
but try to find out what the difficulty is by questioning the cus- 
tomer. What would one think of a doctor if at the first sight of 
every patient; he started to operate, and yet you will see a service 
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man start in immediately to pull the set out of the cabinet and 
look for trouble, and the trouble may be in a battery connection. 

What we will attempt in this paper is to outline а first-aid 
manual for the treatment of “з1сК’’ radio sets; that will enable the 
man who is not a radio engineer and who has only a slight knowl- 
edge of the art, to recognize trouble and make the necessary 
repairs. We have avoided, therefore, all theoretical considera- 
tions so far as possible and will treat the subject from a practical 
viewpoint and refer only to theoretical discussions when abso- 
lutely necessary. We have prepared a list of complaints that are 
most frequently heard, and we will analyze each complaint as to 
the possible reason for it. | 

Let us start with a suggestion to the dealer or,for that matter, 
to anyone who sells a radio receiver. Test all sets before sale. 
This takes but & very few minutes and will surely pay well in 
avoiding dissatisfaction as well as time that is sometimes neces- 
sary to service a defective set that has been shipped to a customer. 
А radio receiver that is working properly today does not as а rule 
go bad tomorrow, and if such an installation does fail, the dealer 
may feel that the trouble is due to а defective accessory rather 
than the set itself. When the service man is called on to service 
such & set he has the confidence that the set is О. К. and he will 
immediately be able to concentrate on the real probability of 
failure rather than imaginary ones. 

Then, too, if the dealer would acquaint the customer with the 
limitations of radio reception, what to expect and what not to ex- 
pect, service problems would be minimized. Acquaint the customer 
as to the probable lengthof time his batteries will last. This 1s quite 
important, and if followed out, will avoid some very disagreeable 
service jobs. For example, when a man purchases a radio set he 
becomes quite enthusiastic and will read all available literature 
on the subject, and at the end of a month he has absorbed just 
enough information that may prove dangerous. About this time 
the signals on his set will start to decrease and he will remember 
having read somewhere that this might be caused by a defective 
transformer, and he immediately gets out the tools to make the 
repair, and then the dealer has а regular service job on his hands. 
Had the dealer in the first place acquainted the customer with 
the facts concerning the life of the batteries, the customer would 
be more than likely to recall such information and take the 
proper steps to renew them. 

The question has been asked at times, ‘What should the ser- 
vice man's equipment consist of?" 
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He should carry the necessary tools and apparatus to be able 
to run а complete test on the set to be serviced and be able to 
make any minor repair necessary. We would suggest the fol- 
lowing items: 

Set of tested tubes. 

Multi-scale voltmeter of good quality. 
Pair of head phones. 

Large and small screwdrivers. 
Small soldering iron. 

Solder and non-corrosive flux. 
Spare wire and tape. 

Test-leads with clips. 

Pipe cleaners. 

Large piece of cloth. 

Set of B and C batteries (small). 

When a service man goes into а customer's home he is usually 
going there as a representative of a commercial establishment. 
He should be instructed to be courteous and considerate. If he 
must take а set out of the cabinet for adjustment he should use 
the piece of cloth provided in his kit to protect the surface of the 
table he works on. He should answer all questions asked him 
no matter how absurd they may appear to him. The customer 
generally has one question that he would like to have answered, 
and in his mind the service man must be an expert, in order to be 
able to do such work, and so he unburdens his mind. The service 
man should respect this attitude on the part of the customer and 
should do his best to point out the fallacies tactfully and set the 
customer right in his ideas about radio. The service man should 
make the customer enjoy his visit and if this is done the service 
man becomes а valuable asset to а business and is a potential 
salesman. 

The service man, before he starts to make any adjustments 
other than turning on the set and trying the various controls, 
should question the customer as to how it happened, the time, 
place, and conditions surrounding the failure. Such questions as 
the following: 

How long has the set been in operation? 

Was the set operating satisfactorily up to the time of failure? 

Were you tuning the set when the failure occurred? 

If so, what control were you moving? 

Did you make any change in the connection of the batteries, 
if so, what were they? 

Did it suddenly stop operating? 
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Was there any squeal or howling sound just prior to failure? 

Were you moving the loop? 

Did the loud speaker fall? 

Is the antenna OK? 

In short, have the customer re-enact the conditions at the 
time of failure. Get all the symptons and an astonishing amount 
of time may be saved in running down the difficulty. If sufficient 
questions are asked, the customer will generally give you the 
real cause of trouble or he will suggest something to you in the 
course of inquiry that will point out Just what the cause of failure 
was. Sets as a rule do not go bad of themselves. The failure 
usually occurs while some operation is taking place, such as 
plugging in the loud speaker, turning the condensers or making 
& change in the battery connections. 

The length of time that & set has been in operation will be 
an indieation of various types of trouble. А set that has recently 
been installed is subject to а certain type of failure, while a set 
that has been in operation for a year or more, is subject to other 
types of failure. 

If a set has been installed for а period of two weeks or less, 
outside of the inability of the customer to procure the desired 
results, there are only a few reasons why the set should fail. 
They are: 

A defective tube. 

Defective battery or battery connection. 

Loud speaker connection loose in telephone plug. 

Burn-out of transformer. 

Of course, there may be other reasons, but these are the most 
common and are given in the order of their probability of oc- 
currence. 

If the set has been in operation for a month or six weeks and 
has been giving satisfactory service for that period, the cause of 
failure is generally due to the weakening of the batteries. 

If the set has been in operation for a period of six months or 
a year, the possibilities of trouble will increase. If the failure in 
this type of installation has been gradual, the first thought 
would be that the tubes were becoming deactivated through 
continual use. 

If the breakdown was sudden, a mechanical failure might be 
expected in one of the movable connections or pigtails. A 
burned-out transformer could be expected in difficulties of this 
sort. If the trouble is due to a noise condition, the failure might 
be ascribed to dust or dirt accumulations оп the condenser plates 


948 LEE MANLEY AND W. E. GARITY 


or other important parts of the receiver. The defect might also 
be due to а soldered connection. It will require, as a rule, a 
rather long period of time for a soldered connection to corrode to 
such a degree as to cause this condition. The local atmospheric 
conditions under which the set has been operating may have 
some bearing on the cause of failure. If the set has been operating 
near the seashore and has been subjected to the action of salt 
atmosphere it may have caused sufficient corrosion of the con- 
nections or other metallic parts to introduce high resistance or 
leakage path. Moisture may saturate the cheaper grades of 
insulating material to such an extent as to cause high-frequency 
short circuits. 

Па set has been operating for а long period of time and has 
given satisfactory results and then develops noises and scratching 
sounds, one should not look for a loose connection in the wiring 
of the set, but rather look for an open circuit in the moving parts. 
Worn mechanical parts are often mistaken for loose connections 
in the wiring. The wiring is absolutely stationary and it is not 
at all likely that it will be disturbed in the ordinary use of the 
set so as to cause a failure due to а loose connection. Vernier 
drive shafts and vernier plates will wear loose and while appar- 
ently they are making perfect contact to the metal surfaces of 
the condenser when the set is brought into а critical condition, 
as is the case when receiving distant stations, will cause noises 
that might be thought due to а loose connection in the wiring. 

Another item to be considered in the servicing of radio sets 
is the cost of the original apparatus. Radio, like any other mer- 
chandise, is а matter of price. As a rule, the more you pay for a 
set, the better should be the quality of the equipment you get 
and you may reasonably expect longer and more satisfactory 
service from it. In a high-grade receiver the mechanical failures 
are less frequent than in the cheaper grades of sets. The same 
is true of electrical failures. The cheaper grades of sets are much 
more subject to climatic conditions then are the better grades. 

We have compiled a series of complaints in such terms as 
they are received by the dealer, and we will take each up in turn 
as to what it suggests as the possible cause of failure. 

“The set just stopped operating. It was giving excellent 
results, but it suddenly stopped." This complaint is quite un- 
satisfactory from а service man's point of view. It does not 
suggest anything definite and it may be the result of many factors. 
Trouble generally occurs when some operation is taking place, 
whether it be tuning or making adjustmentsor plugging in the loud 
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speaker, or revolving the loop. The service man should inquire 
just how the failure took place, just what the customer was doing 
when the set failed. Ifthe failure occurred when some adjustment 
was being made, he should look for a broken connection or & 
mechanical breakdown in the control being used at the time. 
There are several causes of & set failing completely and sud- 
denly, namely, а burned-out tube, а burned-out transformer, а 
broken connection, ог а short circuit. А broken loop connection 
will also cause complete failure аз well as a burned-out loud 
speaker. Of course, there are many reasons why a set may fail 
to function, but the list just given represents the principal causes 
for a complete and sudden failure. 

A burned-out tube will be immediately obvious and should 
be replaced. A broken battery connection or pigtail may be 
located by inspection and necessary repairs made. A defective 
loud speaker may be determined by replacing the loud speaker 
with a pair of head phones and noting whether the head phones 
operate satisfactorily. | 

In making all checks on defective sets, the first thing that the 
service man should do is to light the tubes to their proper bril- 
liancy and then plug the loud speaker in and out of the jack. If 
the B battery is properly supplying the tubes in the amplifying 
circuit, a loud click will be heard in the loud speaker. If there is 
& jack provided on the detector tube, repeat this, using the head 
phones. In other words, see that there is a B battery voltage at 
the plate contact of each tube. In the radio-frequency tubes, if 
. used, measure the voltage across the tube contact springs in the 
Socket. This may be accomplished by removing the tubes from 
the sockets and making direct contact with the springs. "There 
is another possibility of failure in sets that employ a large by- 
pass condenser which is connected across the B battery supply. 
In event of this condenser becoming short-circuited, it will cause 
the B batteries to drop in voltage very rapidly and if the short- 
circuit is complete enough, the batteries will heat up. This can 
be very quickly determined by breaking the connection through 
the negative B battery. If a heavy spark occurs, it is an indica- 
tion that there is & short circuit in the B battery supply which 
may be due to this condenser. In testing this condenser should, 
by chance, the tubes be lit when the B battery connection is 
broken, a small spark will be present. The small spark is due 
to the normal drain on the B batteries and represents the total 
plate current of the tubes in the set. If the tubes are not lit, no 
sparking should occur when the battery connection is broken, 
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but if there should be, this is an indication of a short circuit 
within the set. Of course there is the possibility of a wire breaking 
free in the set itself and falling in such à way as to cause a short 
circuit, but this is immediately apparent on inspection. "There 
is also a possibility of a short circuit of the elements in the tubes. 

“Т cannot get distance," is a general criticism that is met with 
radio receivers of all types. 

The most general cause for this complaint is the inability of 
the customer to tune the set properly so as to get the most out 
of it. The obvious remedy for this is to instruct him further in 
the operation of the set. The service man should spend an 
evening with him and show him just how to do it, and once the 
customer knows that the set is capable of receiving distance, he 
will never admit that he cannot get it. 

A defective tube will sometimes prevent distant reception. 
Perhaps one of the tubes used in the radio frequency circuit is 
not particularly adapted for that purpose, but will make an ideal 
detector or audio frequency amplifier. Try interchanging tubes 
so as to get the best possible combination. Do not make a prac- 
tice of interchanging tubes after the most satisfactory combina- 
tion has once been determined. This is particularly applicable 
to dry-cell tubes. Because of their delicate structure, it is not 
well to subject them to excessive handling. 

Location and local conditions materially affect the ability of 
a set to receive distant stations. Antenna construction and 
ground conditions are important factors. If a loop is used, the 
shielding of nearby metallic bodies will affect the results. Ina 
case of loop sets it is advisable to install the set near a window. 
This is particularly true in the latest types of homes and apart- 
ment houses which employ in their construction metal lathing 
which acts as an electro-static shield to the incoming signals. 
In the case of sets employing antennas, it will be necessary to 
experiment with antennas of different length and in different 
directions. However, before the service man blames the location 
. for the failure, he should take a set of similar make which he 
knows operates satisfactorily in another location, and check the 
results in the doubtful location, comparing results received on 
the new set with those of the standard set. In some instances, 
the service man is prone to use location as the cause of failure to 
receive distant signals, whereas it may be due to a defective 
part in the radio set. 

“The signal comes in loudly and then dies out." This is 
generally due to the phenomenon of fading. | 
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However, should this condition exist on the local stations, as 
well as the distant stations we would be inclined to suspect either 
a defective A battery connection or a defective A battery. А 
soldered connection in the filament circuit that has become cor- 
roded or broken for some unknown reason while not completely 
open so as to cause the tube’s failure to light, but just making 
contact, will cause this condition. This defective connection, at 
times, will become highly resistant; sufficiently so to cause a 
decrease in the filament brilliancy. This condition is generally 
obvious as the brilliancy decreases at the time of the fading. 
This condition is rarely met, but it is extremely difficult to locate 
the defective connection and requires careful inspection of every 
connection. 

This condition may be brought about by a defective dry-cell 
type A battery. In this case, it is due to a local action within 
the dry-cell. The internal resistance of the cell will vary, due to 
this local action, and cause effects similar to that caused by the 
defective connection just described. In the case of dry cells, it 
is sometimes necessary to readjust the filament rheostats slightly 
in order to restore the set to its normal operating condition, and 
at times, the set will recover itself. Іп а storage type A battery 
this condition may be brought about by a so-called "'treeing" 
effect. This condition is generally present only in old storage 
batteries and is the result of a lead tree building up on the plates 
in such a way as to penetrate the separator. This lead tree 
builds up until it touches the opposite plate and causes a momen- 
tary short circuit of the plates involved. The short circuit burns 
off the lead tree and immediately the building up process is 
started again. When the short circuit occurs there will be a 
slight decrease in the total voltage of the battery, which will 
cause a slight decrease in the filament brilliancy resulting in a 
fading effect. In cases of this type, the fading periods are only 
momentary and recur at fairly uniform time intervals and are 
present on all positions of the tuning scale. 

A similar condition may be caused on sets employing an 
antenna, by swinging of the antenna or lead-in. This condition 
should not be confused with the fading phenomenon and may be 
identified by the fact that the volume of the signal will not 
change, but will swing in and out. The particular danger to be 
encountered is when the antenna is close to a metallic or other 
conducting body and in swinging, touches the same, causing a 
momentary short circuit. This is recognized by a click in the 
loud speaker when the ground occurs. 
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“Т don't get any volume; the signals are weak." If this con- 
dition is persistent and investigation shows that good results 
were never had on the receiver, and the location has been care- 
fully checked by a similar type set, the difficulty would seem to 
be due to one of the following causes: 

Inferior grade of set, not capable of producing good results. 

Inexperience, lack of knowledge of tuning. 

Defective tubes. 

Defective batteries. 

Reversed А battery connection. 

Poor antenna location or installation. 

Defective ground connection. 

Defective loud speaker. 

These are listed in their order of importance and occurrence. 
If the receiver is of an inferior quality some advantage may be 
had by replacing the grid condensers and audio-frequency trans- 
formers with similar instruments of better quality. If it is due 
to lack of knowledge, it is the duty of the service man to instruct 
the customer more fully. Defective tubes should be replaced. 
This condition may be checked by replacing the entire set of 
tubes in the defective set with tubes that are known to be O.K. 
А defective battery may be located by checking the voltage. It 
is generally conceded that а B battery whose voltage has dropped 
25 per cent. from the normal rating of the battery, should be 
discarded. If the А battery connections are reversed on receivers 
employing audio frequency amplification, little or nó amplifica- 
tion will be had. This is easily checked by reversing the battery 
leads. Just when an antenna is defective is very difficult to say, 
as there are so many local conditions which play important 
parts in the success or failure of an antenna installation. In 
general, the antenna should be removed as far as possible from 
all objects, such as trees and buildings, and metal objects in par- 
ticular. In general, the higher the antenna, the better will be 
the results obtained. If the antenna is erected in the vicinity 
of a high-tension transmission line, it should be erected so that 
the line of the antenna is at right angles to the transmission line. 
The antenna should be carefully insulated at all points through- 
out its length including the lead-in. It will sometimes happen 
that & set employing an antenna operates quite satisfactorily 
during periods of dry weather, but during, and after rain storms, 
the operation of the set becomes rather indifferent. This con- 
dition is generally due to a defective insulator which breaks down 
during periods of wet weather, causing high losses. Ап opposite 
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condition may be had where the set operated more successfully 
during periods of wet weather than it did in dry weather.. This 
would indicate that the moisture in the ground enhanced the 
value of the ground connection by reducing the ground resistance 
of the circuit. Some care should be exercised in the selection of 
a ground and the service men should not necessarily use the first 
ground available. Several ground connections should be tried- 
and an effort made to determine the one giving maximum results, 
and this one used. In the present day equipment it seems to be . 
customary to use an aperiodic circuit in the antenna, and for. 
that reason defective grounds do not manifest themselves 
quickly. In antenna sets employing а series antenna condenser, : 
a defective ground will cause the antenna condenser to tune very 
broadly. 

A loud speaker that has been connected into a receiver with 
the polarity reversed will, after а time, become demagnetized and 
result in very poor volume and quality. 

“The volume was great for a short time, but suddenly 
started to weaken." "This condition generally results from using 
an excess voltage on the tubes. It is particularly true in the case 
of sets employing dry cell tubes. The customer sometimes has 
a peculiar psychology and believes that by turning the rheostats 
of the tubes on full that he is getting better results. With the 
tubes used today, employing thoriated tungsten filaments, this. 
is а fallacy. Operating tubes using this type of filament at а 
greater than normal voltage deactivates the filament very 
rapidly and decreases its useful life. Under no consideration 
should a thoriated tungsten tube be operated at a voltage higher 
than the rated voltage as indicated by the manufacturer. A 
defective battery that has deteriorated abnormally will also 
cause this condition. 

“Т get one station well, but another station is weak and they 
are both about the same distance away." It is the general belief 
that this condition is caused by metallic obstructions, such as 
steel buildings, high-tension systems, railroads, ete., or possibly 
mineral deposits near on the earth's surface. It is believed 
that these obstructions cause either an absorption or a deflection 
of the radio waves which renders certain areas incapable of 
receiving signals from certain stations. You have probably all 
heard of the recent investigation carried on by the American 
Telephone and Telegraph Company, in which it plotted the 
signal strength of its New York station in different sections of 
the metropolitan area, and of the peculiar results noted. Certain 
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areas in Central Park were practically dead to signals from this 
station. There is perhaps no remedy for this condition and it is 
not the fault of any particular set, as this condition would be 
true whether а crystal detector ог а super-heterodyne be used 
in such a location. Of course, the super-heterodyne circuit, 
because of its sensitivity, would respond to an extremely weak 
signal that would be inaudible in a crystal detector set, but for 
practical considerations, reception in such an area would not be 
satisfactory, while at the same time, excellent results might be 
obtained from other nearby stations. 

“The volume used to be O.K., but has been getting weaker 
and weaker." This condition is generally caused by the normal 
decrease in voltage of the batteries. It may also be caused bv 
the use of a slight excess voltage on the tubes which will cause a 
slower deactivation of the filament than described previously. 

In the case of a recent installation, defective batteries should 
be looked for. Should the installation have been made a vear 
previously, the difficulty might be due to the normal depreciation 
of the useful life of the tube. 

“It works О.К. for a while, but suddenly a howl starts which 
sounds like & siren or a fog horn which can only be stopped by 
shutting off the set or cutting down the volume." This effect is 
due to a vibrating air column which is set up between the loud 
speaker and, usually, the detector tube of the set. The action is 
similar to that which results when a receiver of a telephone 
instrument is placed in front of the mouthpiece of the transmitter. 
This condition is generally caused by a microphonic tube in the 
detector socket. It may be due also to a loose element in some 
part of the circuit. A loose transformer lamination or condenser 
plate might cause the same condition. A popular theory of this 
condition is that the vibrating air column from the loud speaker 
causes a vibration of the filament in the detector tube. The 
vibration of the filament causes a variation of the tube charac- 
teristics which causes in turn a variation of the plate current, 
and an acoustic feed-back results. In loud speakers of the 
adjustable type, adjustment of the air-gap will sometimes 
eliminate this howl. In the case of non-adjustable loud speaker 
units it will be necessary to try interchanging the tubes in the 
sets in order to eliminate this condition. If interchanging the 
tubes does not correct it, place the loud speaker so that the bell 
points away from the set and place cither the loud speaker or the 
set or both on pads of soft felt or sponge rubber. It is because 
of this effect that it is not advisable to place the loud speaker on 
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the top of the cabinet, unless the tube sockets are sufficiently 
cushioned. 

This condition, however, usually occurs only when the set is 
operating at maximum output and the radio-frequency amplifiers 
are set in an extremely sensitive condition. Reduction of the 
volume will invariably eliminate the howling effect. 

“The quality is terrible, we cannot understand a thing that 
is said." This condition is known as distortion and is due to 
many factors. Аз а general rule, distortion occurs only in the 
audio-frequency circuits. Distortion may be caused by a defec- 
tive tube, а defective battery, a defective loud speaker, а broken- 
down by-pass condenser across the output or, what is the most 
common cause of distortion, overloading of the tubes. А soft 
or gassy tube will cause distortion, but this defect in a tube is 
rarely encountered in standard makes of tubes. А weak or defec- 
tive C battery is also а very common cause of distortion and will 
be evidenced by a tendency of the amplifiers to squeal. A “В” 
battery whose voltage has dropped 25 per cent. will often cause 
distortion and may be accompanied Бу а continuous high pitched 
squeal. Audio-frequency transformers of poor quality and design 
will cause distortion. This is generally indicated by the inability 
of the amplifiers to reproduce the extremely high and low musical 
tones. А transformer in which the leads have been soldered with 
a corrosive flux will cause distortion a short time prior to the 
time when the corrosive action of the flux causes the winding to 
open. Overloading of the amplifier tubes is evidenced by a 
blasting of the loud tones of the program. This is particularly 
true on local reception. The customer should be instructed to 
watch the overloading of the tubes and if the blasting does occur, 
he should detune his set slightly so as to reduce the volume to 
the point where the tubes will function properly. It is quite 
possible with the multi-tube sets used today, when installed in 
the vicinity of a powerful broadcasting station, to impress on the 
grid of the last tube in a series, sufficient voltage to swing the 
grid voltage beyond the limits of the straight line portion of the 
characteristic curve. Increasing the “С” battery potential or volt- 
age on the amplifier tubes will tend to reduce this blasting. But 
this is not recommended as good practice because of the possi- 
bility of increasing the negative potential to such a point as to 
cause distortion when the tube is operating with normal volume. 
À great many amplifiers in receiving sets use & fixed condenser, 
ranging from the values of 0.002 to 0.006, connected across the 
loud speaker terminals. This condenser is known as a “by-pass” 
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condenser and is subjected in this part of the circuit to consider- 
able peak voltages. Should this condenser fail, a distorted signal 
. will result. If, on servicing. this condition is met and all the 
foregoing items have been checked with no results, replace this 
bi-pass condenser, as a potential breakdown in this condenser 15 
rather difficult to test for unless laboratory equipment is avail- 
able. Both these conditions call for the replacement of the 
transformers. 

“It is loud enough, but very позу. There is a continuous. 
cackling, rasping or scratching sound in the loud speaker.” This 
may be the result of any one of many causes. Interference from 
either atmospheric or local sources is the most common cause of 
this defect. By local sources we refer to such apparatus as 
X-ray machines, violet-ray machines, electric railway systems. 
elevator controls, leaky power lines or transformers, automatic 
telephone switching lines, telegraph lines, and local telegraph 
stations in the vicinity of the receiver. 

In checking noises in a radio receiver, the first problem should 
be to determine whether this is being picked up on the antenna 
or the loop, or whether it is originating in the set itself. In order 
to check this on a set emploving an antenna, adjust the receiver 
to a point where the interference or noise is present. Then re- 
move the antenna and ground connections from the receiver and 
note whether or not the noise ceases. If there is a great decrease 
in the volume of the noise when the leads are disconnected, it Is 
safe to assume that the noise is emanating from an outside source. 

If a loop set is emploved, disconnect the loop and place a 
short length of wire, not over four inches in length, in place of the 
loop. If the noise ceases when the loop is removed, it may be 
safely assumed that the noise originates at some outside source. 
However, if the noise persists after the pick-up circuit, either 
loop or antenna, is removed, it is safe to assume that the позе 
is originating in the set itself. The noises referred to in the fore- 
going are those which are present at all times, particularly when 
none of the controls are being moved. Noises within the set 
itself may be caused by one of the following items: 

A detective tube. 

Dirty tube contact. 

Defective battery. 

Defective loud speaker. 

Dirt on loud speaker diaphragm. 

Defective battery contact or a loose connection. 

The defective tube should be replaced by а tested one. The 
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tube contacts should be cleaned with а piece of emery cloth or 
fine sandpaper. Make sure to remove all traces of grit before 
replacing the tube. Make sure the contact springs of the sockets 
are clean and are making good contact to the contact pins of the 
tube. A defective battery will also cause many noises in a 
receiving set. The batteries should be checked in the following 
manner: Connect a pair of headphones across the outside ter- 
minals of each individual battery, and note the sound in the 
head phones. If there is a boiling or frying sound in the head 
phones when they are connected in this manner, it is an indication 
of a defective battery, and batteries showing such defects should 
not be used in a radio set. А loose or defective battery connec- 
tion will also cause a set to be noisy. A loud speaker with a 
defective winding will also cause disagreeable noises. Dust and 
dirt accumulations on the loud speaker diaphragm will cause the 
set to appear noisy. A condition might arise where the dia- 
phragm of the loud speaker becomes loosened, causing it to rattle 
when actuated by the incoming signal. Loud speaker defects 
generally necessitates a factory repair. А transformer winding 
which is deteriorating will cause a hissing or a frying sound in 
the amplifier. A loose connection in any part of the receiver, and 
the loud speaker, which is subject to vibration when the loud 
speaker is operating, will also cause the set to be noisy. In order 
to definitely locate the origin of noises in the receiver, use a pair 
of head phones and plug them in in place of the loud speaker. 
This will immediately determine whether the noise is originating 
in the loud speaker. If the noise persists with the phones plugged 
in the last stage of amplification, plug into the first stage, if a 
jack is provided, and repeat the process, plugging into the detec- 
tor circuit. If but a single jack is provided, and this jack is con- 
nected in the output of the audio-frequency amplifiers in order to 
determine whether or not the noise is originating in the audio- 
frequency-amplifiers, connect the telephones in series with the 
detector “В” battery lead. In that way, you may determine 
whether or not the noise 18 originating ahead of the detector or 
in the audio-frequency amplifiers. Once the source of the noise 
is determined, it requires very careful checking of the various 
parts and connections in the circuits responsible. 

"Set operates satisfactorily except when any of the controls 
are moved; it is very noisy." "This condition indicates directly a 
defective connection caused by а, mechanical failure. А defective 
tube will sometimes cause this condition, and is apparent when 
a rheostat is moved or the set is subjected to mechanical vibra- 
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tion. If the noise persists when any of the other controls are 
moved, such as condensers and coils, it is an indication that there 
is a mechanical failure which is causing a defective electrical 
connection. Dust and dirt accumulations on the condenser 
plates will cause noises to be heard when the condensers are 
rotated. The plates should be cleaned with an ordinary pipe 
cleaner. А bent condenser plate touching the opposite assembly 
will also cause this condition. Some variable condensers are con- 
structed so that the electrical contact is made through a friction 
washer or through the friction of the rotor shaft to the bushing. 
This type of contact is quite satisfactory when the condenser is 
new, but after a long period of operation the parts wear, decreas- 
ing the friction, resulting in an indifferent contact which will at 
times cause the set to appear noisy, particularly so when the 
circuits of the receiver are tuned to resonance. Vernier drive 
shafts that have become worn through use will cause the sets to 
be позу when the circuits are in resonance. Weak contacts in 
telephone jacks will also cause this condition. 

“The signal is garbled. We cannot clear up the speech." 
This is generally caused by a defective oscillation control. Either 
a defective tube, a defective potentiometer or the neutralizing 
capacity out of adjustment will generally be found to be the 
direct cause. Of course, this applies only to receivers employing 
radio-frequency amplifiers ahead of the detector tube. If this 
condition is met in a single tube receiver it is generally due to 
the fact that such signal is too weak fully to actuate the detector 
tube. In the case of multi-stage radio-frequency amplifiers, this 
is a rather difficult problem to service. If it be caused by а 
defective tube, which it rarely is, then matters are simplified 

The balanced or neutralized {уре of set employs neutralizing 
‘apacities for oscillation control. The so-called reflexes and un- 
tuned radio-frequency circuits use the potentiometer and in 
addition introduce losses in the radio-frequency transformers. 
Some of the straight tuned radio-frequeney amplifiers employ a 
rheostat for each tube, some а single rheostat and a potenti- 
ometer; others a variable series resistance in the grid circuit of 
the first tube. There is another class that employs ingenious 
arrangements of wiring and parts to take advantage of stray 
capacities and interlocking stray fields, which have a tendency 
to prevent free oscillation. Certain other sets, it would appear, 
leave it. entirely to chance and hope that it won't oscillate. 

The sets in the latter two groups present very trying service 
problems. 
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The effect of this garbling condition is generally only apparent 
on extremely weak signals. It is generally impossible to eliminate 
entirely the whistle or carrier wave, and as a result, you receive 
a combination of voice or music, as the case may be, combined 
with the lower pitched tones of the carrier wave. Interchanging 
tubes in the radio-frequency sockets will sometimes lessen the 
tendency to oscillate, as there is some slight variation in the 
oscillating characteristics of the tubes, particularly after the 
tubes have been in operation for any length of time. 

In the case of the failure of balanced or neutralized receivers, 
it is necessary to readjust the neutralizing capacities to their 
proper values. This particular service is rather difficult and 
should only be attempted as a last resort. It is not likely that 
these neutralizing capacities wil vary a great deal from the 
original setting, unless the set has been abused or has been sub- 
ject to physical damage. In the case of sets employing а poten- 
tiometer for oscillation control, this condition is extremely rare 
except when signals are received that are so weak that their 
modulated power is not sufficient to actuate the grid of the first 
tube in the series. It should always be remembered that a 
carrier wave of а broadcasting station is heard at а much greater 
distance from the station than is the audio-frequency modulation 
which is impressed on the wave. Sets employing individual tube 
control rarely have this trouble. The types of receivers using 
circuit arrangements and placements may be corrected by adjust- 
ing a single wire, but the problem is to find that wire. It is 
generally а grid wire and is, as a rule, oddly shaped and takes 
apparently a roundabout way to get where it belongs. Reducing 
the radio-frequeney "B" battery voltage will help correct this 
condition. 

The last type mentioned, where no apparent means are used to 
prevent oscillation, are generally found in very cheap sets, where 
the poor grade of material used introduces so many losses that 
it would be difficult to make them oscillate. Occasionally a set 
of this type oscillates and causes this condition and the only 
possible correction lies in tube interchanging and reduction of 
the radio-frequency “В” battery voltage. 

"It is too loud on the loud speaker." This complaint is 
rare, but is sometimes heard. It is generally due to an effort 
to reduce the cost of the receiver, with the result that a tele- 
phone jack in the first stage of amplification is omitted, and for 
the same reason no provision is made for volume control. The 
only remedy for this condition is to reduce the voltage of the 
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audio-frequency amplifiers to а point where satisfactory volume 
is had. 

"When I take my hand away from the set I loose the signal." 
This effect is known as a “body capacity" effect and is primarily 
due to poor design, а poor ground connection, or a poor circuit 
design. АП sets should be equipped with grounded metallic 
shields. In addition, wherever possible, the shafts of the control 
knob should be electrically connected to this shield. If this is 
not possible, the low potential side of the various apparatus 
should be connected to the control knobs. Some sets have poor 
circuit design which prohibits the use of a grounded shield, and 
in cases of this kind, body capacity effects are quite disagreeable 
and' persistent. Grounding of the “А” battery will sometimes be 
helpful in eliminating body capacity effects, but it should be 
first determined whether or not there is а connection between 
the ground terminal and the filament circuit within the set itself. 
For example, if the positive filament circuit is connected to the 
ground terminal, the "A" battery should be grounded at the posi- 
tive terminal. If the ground terminal of the receiver is connected 
to the negative side of the filament cireuit within the set, the 
negative terminal of the battery should be grounded. In sets of 
proper design in which shields have been incorporated and body 
eapacity is present, we would suspect that the shield has become 
disconnected from the ground or battery circuit within the set. 

"There is а frying sound in the set." This condition 
may be brought about Бу a defective battery, defective 
tube, a ground in the loud speaker, a defective battery соп- 
nection, a transformer that is burning out or in the case of a set 
employing а gas type 200 detector tube, an excessive “В” voltage 
on this tube. The defective tube may be located by replacing 
the tubes with tested ones. "The defective battery should be 
checked with head phones as described previously. А defective 
loud speaker may be tested by replacing same by head phones. 
All battery connections should be tightened. А defective trans- 
former may be determined by a similar test that is used to locate 
a defective battery, except that а battery that is О.К. is used 
and conneeted in series with the telephones and the winding of 
the transformer under suspicion. 

“When I touch the panel there is a ringing sound." This is 
invariably due to a microphonic tube and may be eliminated to 
a certain extent by interchanging the tubes until the best com- 
bination is had. The detector and audio-frequency amplifier 
tubes are the principal offenders in this connection. Іп sets 
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employing dry cell operated tubes such as the WD or WX11 
or the UV or UX199, this condition is exaggerated unless the 
tube sockets are properly cushioned. There is a certain degree 
of this condition present in all receivers, even under normal 
conditions, and it is another reason why radio manufacturers 
are inclining more and more to the cushion type socket suspension 

“There is a squealing sound in the set all the time." This con- 
dition may be caused by a defective tube, one that has become soft 
ог gassy. It may be due also to a defective “В” or “С” battery 
that has dropped in voltage more than 25 per cent. А burned- 
out primary winding of a transformer, or an open telephone jack 
in the audio-frequency circuit will cause this squealing. Another 
cause may be the result is the heterodyning of two transmitting 
stations, or it may be the effect of a nearby receiver interfering 
with the one in use, however, under the last conditions the squeal 
will be present at certain definite places on the dial, whereas in 
the case of a defective battery, tube, transformer or jack, it is 
continuous throughout the entire scale reading. 

“There is a buzzing sound like a motor boat. There is a 
clicking sound in it." This is a general indication of an open grid 
circuit. The frequency may vary from one click a minute to a 
very high pitched note. If the grid leak should become loosened 
from its clips, this sound will generally result. If a “С” battery is 
used, a poor connection or broken connection to this battery will 
give the same result. If none of these conditions appear to be the 
difficulty, it will be necessary to make a continuity test from the 
grid contact spring of each socket to the filament circuit. 

“When I touch anything on the set a rattling sound sets up or 
the set will sometimes go dead and a jar will restore it." This is 
caused primarily by a loose connection either in one of the tubes 
or in the connection of the circuit. Investigation of every. con- 
nection and friction contact in the set should be made. It is well 
to replace the tubes with tested ones in order to eliminate the tube 
as а factor. А loose shield or a loose venier shaft will give these 
results; particularly so when the circuit is tuned to resonance. 

"[t works in the detector jack, but does not operate in the 
first or second stages." If the A battery connections to the 
amplifier are properly made, this condition is probably due to a 
defective telephone jack in the detector circuit or a burned-out 
primary winding of the auto-frequency transformer connected in 
the detector circuit. 

“Tt works in the first stage audio-frequency amplifier, but does 
not operate in the second stage." This is due to a similar reason 
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as previously given. It is caused by a defective telephone jack 
or transformer in the first audio-frequency circuit. 

“The tubes fail to light.” This condition may be brought 
about by a defective A battery, or a defective A battery connec- 
tion. It may also be due to a faulty battery switch that fails to 
make proper contact. In the same way a rheostat that does not 
make proper contact will cause the same effect. Any loose con- 
nection in the A battery circuit of the set may cause failure of the 
tubes to light. If this condition exists only on one or two tubes, 
it is in all probability due to a burned-out filament. A dirty 
contact on the tube will sometimes cause the failure of a tube to 
light. If the contact springs of the socket do not make a firm 
contact to the tube pins,this condition might also occur. If dry 
cells are used, check to see that the individual cells are connected 
in the circuit with the proper polarity. If one or more of the cells 
are connected with reversed polarity, full voltage will not be had 
at the tube terminals. 

In general, the service men should follow a procedure some- 
what along these lines. Light the tubes and tune the receiver to 
the point where the best local station generally is received. 
Note the volume on the loud speaker, if one is used. If 
the volume is weak, tap the tubes with the finger-nail to 
determine whether or not the audio-frequency amplifiers 
are operating satisfactorily. If the amplifier is working satis- 
factorily, a ringing sound will be heard in the loud speaker. 
If this ringing does not result, check the polarity and 
voltage of the various batteries, and replace all defective ones. 
Inspect the connections of the batteries, and if this does not result 
in satisfactory reception, try replacing the tubes. If no sound at 
all results, immediately replace the loud speaker with the head 
phones to determine whether or not the loud speaker is defective. 
If no results are obtained, turn off the À battery switch and re- 
move the tubes, and by means of a voltmeter, check the voltage 
between the filament and plate contact springs of each socket. 
If satisfactory indications are had and no signal is heard, repeat 
with a similar operation between the grid and filament contacts, 
using a pair of head phones in series with a 2215-volt battery in 
place of the voltmeter. Rather decided clicks should be heard, 
when contact is made in each instance with the exception of the 
detector grid. Because of the fact that in the detector circuit, 
a high resistance grid leak is used, the click will be rather weak. 
One of the foregoing tests will most probably check up the dif- 
ficulty and the obvious repair shouid be made. | 
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We will make а brief analysis of the various types of parts that 
are commonly used in radio broadcast receivers, as to their pos- 
sible defects. The common practice in tuned radio-frequency 
circuits today, is to use the air-core type of transformer. These 
coils are generally wound on some form of tubing. Some manu- 
facturers, depending on the adhesive quality of the binder to hold 
the wires in shape, do not use any type of tubing for support. 
These coils are generally wound with a relatively heavy wire, and 
are not subject to electrical failures. They may be connected 
into the circuit improperly, but as а unit are not subject to dif- 
ficulties. Trouble is sometimes experienced with transformers 
of this type that have no supporting tubing, due to mechanical 
collapse. In some cases the windings may be wound on card- 
board or fibre tubing, which has not been made impervious to 
moisture, and during the periods of humid weather these absorb 
enough moisture to cause high resistance short circuits of the 
winding. 

Vario-couplers and variometers are constructed along the 
same lines, and are subject to similar defects. However, because 
of the fact that а vario-coupler or variometer has а moving ele- 
ment in it, some form of flexible connection is generally em- 
ployed to bring out the connections of the moving coil. These 
flexible connections, because of mechanical movement, are sub- 
ject to fracture. И no flexible connection is employed, and the 
contact is made through the friction of the rotor to а bushing on 
the stator, after long periods of use the friction may decrease, 
and reduce the effectiveness of the connection. These movable 
parts should be inspected for mechanical failure. The primary 
or fixed coil of the coupler is sometimes tapped, and leads taken 
off. Check to see that these leads are properly soldered, and not 
short-circuited or open. 

À second type of radio-frequency transformer used is the so- 
called untuned transformer. This consists of a core of either iron 
or air around which is placed а bobbin with two inductively- 
coupled windings wound on it; one is primary and one is 
secondary. Because of the relatively low potentials and weak 
currents present in the radio-frequency circuits, they are not 
subject to failure to any great degree. Occasionally one will find 
a winding of one of these transformers burned out, but the per 
centage of such failures is rather small. 

Audio-frequency transformers are similar in their general 
construction to radio-frequency transformers. The resistance of 
the primary winding is about 1,000 ohms, and the resistance of 
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the secondary is from 2 to 6,000 ohms. In order to get the re- 
quired turns in a limited space the wire used is very fine. Because 
of the relatively high currents passing through these windings, 
they are more subject to failure than is the case with the radio 
frequency transformers.  Failures generally occur at the point 
where the lead wire is soldered to the end of the winding. This 
is particularly true when a corrosive flux is used in soldering. 

Transformers may be tested by measuring the resistance of 
the individual windings. А quick check may be had by connect- 
ing a 22)4-volt battery to the windings and noting by the spark 
at the contact whether or not the circuit is continuous. Because 
of the high resistance of these windings a short circuit of the 
“В” battery will rarely cause a burn-out. 

Variable condensers are, to our mind, the principal cause of 
trouble in a radio set. In this case it is particularly true that 
the troubles increase as the quality decreases. We have covered 
a good many points of possible failure and for that reason we will 
make but one addition. Most condensers use an oil or grease 
to reduce the friction in the bearings. This oil or grease, as the 
case may be, accumulates dirt and dust very rapidly and in 
condensers where the electrical contact is made through the 
friction of this bushing, these dirt and dust accumulations 
cause poor contact. Any moving part in a condenser that is 
not making a firm, clean contact will cause the set to be noisy 
when the circuits are in resonance. 

In order to test for a short circuit in a variable condenser it 
is necessary to disconnect it from the circuit. The quickest test 
and the most satisfactory is to connect a source of 110 voltsin 
a series with an electric lamp across the condenser. Rotate the 
condenser to its entire range and note the points of contact. Any 
short circuit will cause the lamp to light, and the exact point of 
short will be indicated by sparking. 

Should the rotor assembly for any reason get out of alignment 
so much as to cause the rotor plates to touch the stator plates, 
it will be necessary to adjust the end thrust bushings so as to 
re-align the rotor assembly. 

Fixed condensers of good quality rarely go bad or break down 
as the potentials generated in a radio receiver are as a rule far 
below the breakdown potential of the condensers. Cheap, fixed 
condensers, particularly those using fibre in their construction, 
are subject to climatic conditions and absorb moisture very 
readily. This causes high losses in the circuits in which the con- 
denser is used. To test a fixed condenser it is generally necessary 
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to free it from the circuit, then connect & 90-volt B battery in 
series with a pair of head phones and make a contact across the 
terminals of the condenser. The first contact should cause a 
loud click to be heard. Remove the contact and count ten slowly, 
and make a second contact. If, on the second contact, little or 
no click is heard in the phones, such а condenser may be con- 
sidered as perfect. If the second contact gives the same volume 
of click as the first contact, there is & high leakage in this con- 
denser and it should be replaced. We might say in this connec- 
tion that the contactors of the test just outlined should be 
properly insulated so that they do not come in contact with the 
hands or any part of the circuit. In testing а grid condenser it is 
necessary to remove the grid leak, as in most cases the grid leak 
is connected directly across the condenser, forming & permanent 
leakage path. .The foregoing test is applicable to the testing of 
variable condensers and the same procedure. may be followed. 
In making such a test the variable condenser should be set at 
maximum capacity. 

Grid leaks are difficult to test without the necessary laboratory 
equipment and we would suggest that if there be any doubt in 
the service man's mind he should replace these. 

Multi-point switches very seldom give electrical trouble, ex- 
cept when the tension of the contact spring weakens; this may 
cause а high-resistance contact. If the shaft of the switch is pig- 
tailed, check the pigtail, making certain that it is intact. 

Check also the soldered connections to the contact points of 
the switch, making sure that the contact connections are firm and 
clean. 

Telephone jacks, filament control jacks, and battery switches 
constructed along the lines of & telephone jack are often sources 
of trouble. The contact springs may become weakened and dust 
and dirt accumulate on the contact points causing the failure of 
the jacks or switch, as the case may be, to close the necessary 
circuits. Faulty jacks are the cause of a large percentage of the 
failure of amplifiers to operate properly. To check these, plug 
the telephones in and out of the jack very slowly and observe Just 
how the springs should function. If the springs do not close the 
circuits as they should, bend the offending spring down or up as 
required to insure firm contact. It would be well to draw a fine 
piece of emery cloth across the contact points to brighten them up. 

The principal difficulty which may be experienced with 
rheostats is that due to a faulty contact between the contact and 
the resistance winding. Burn-outs of the rheostat are very rare. 
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Potentiometers are subject to the same difficulty in the matter 
of contact as is the rheostat. In making any adjustments on 
receivers in which a potentiometer is used, it is well to set the po- 
tentiometer at the half-way mark while making these adjust- 
ments. Potentiometers are subject to burn-outs. То check for 
a burn-out, place а pair of head phones in series with a battery 
and connect one side of this test lead to the center terminal to the 
potentiometer which is generally connected to the contact arm. 
Place the contact arm at the center of the winding and make con- 
tact to each of the other binding posts in turn. 

Binding posts sometines cause trouble due to loosening of the 
screws. All binding-post screws should therefore be tried and if 
found loose, should be firmly seated. 

Crystal detectors, which are used principally today in the so- 
called reflex type of circuit, sometimes fail because of dirt accumu- 
lations on the surface of the crystal. Occasionally the crystal 
may be burned out by an accidental short circuit. To restore a 
dirty crystal, use a non-alkaline soap and a tooth brush. Scrub 
the surface of the crystal thoroughly and rinse in cold water, 
removing all traces of soap. 

In this connection we might say that considerable service is 
experienced on reflex sets that fail to give results, and the crystal 
is generally found to be the cause. Fixed crystals are not entirely 
satisfactory. 

The foregoing is a brief review of some of the most 
frequent troubles that may occur in the radio receiver. There 
may be a few troubles that apply to a single type of receiver 
which have been omitted, but such will be characteristic of that 
particular type. In conclusion, we would repeat: Test all sets 
before sale and be truthful in the matter of results that may be 
expected. Do not lead the customer to believe that he will be 
able to receive California any time he desires. Advise him also 
of the probable length of life of his batteries. To the service man: 
ask questions and analyze the defects before you commence 
operations. A few Judicious questions will oftimes save consider- 
able work and create a more favorable impression with the 
customer. 
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Potentiometers are subject to the same difficulty in the matter 
of contact as is the rheostat. In making any adjustments on 
receivers in which a potentiometer is used, it is well to set the po- 

tentiometer at the half-way mark while making these adjust- 
ments. Potentiometers are subject to burn-outs. То check for 
& burn-out, place a pair of head phones in series with a battery 
and connect one side of this test lead to the center terminal to the 
potentiometer which is generally connected to the contact arm. 
Place the contact arm at the center of the winding and make con- 
tact to each of the other binding posts in turn. 

Binding posts sometines cause trouble due to loosening of th: 
screws. All binding-post screws should therefore be tried and i 
found loose, should be firmly seated. 

Crystal detectors, which are used principally today in the sc 
called reflex type of circuit, sometimes fail because of dirt accum 
lations on the surface of the crystal. Occasionally the cryst: 
may be burned out by an accidental short circuit. To restore 
dirty crystal, use à non-alkaline soap and a tooth brush. Sen 
the surface of the crystal thoroughly and rinse in cold чай 
removing all traces of soap. 

In this connection we might say that considerable service 
experienced on reflex sets that fail to give results, and the crys 
is generally found to be the cause. Fixed crystals are not entir 
satisfactory. 

The foregoing is а brief review of some of the m 
frequent troubles that may occur in the radio receiver. TI 
may be a few troubles that apply to a single type of тесе! 
which have been omitted, but such will be characteristic of ! 
particular type. In conclusion, we would repeat: Test all 
before sale and be truthful in the matter of results that ma: 
expected. Do not lead the customer to believe that he wi! 
able to receive California any time he desires. Advise him 

of the probable length of life of his batteries. To the service: 
ask questions and analyze the defects before you comm 
operations. A few judicious questions will oftimes save con: 
able work and create а more favorable impression witl 
customer. 
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INSTITUTE ACTIVITIES 
September Board Meeting 


At the September 1st Board meeting held at Institute head- 
quarters, New York, the following were present: D. McNicol, 
president; В. Bown, vice-president; L. Espenschied, M. Eastham, 
А. №. Goldsmith, А. H. Grebe, В. H. Marriott, L. А. Hazeltine, 
L. E. Whittemore and А. E. Reoch. 

The Board approved election to Associate grade of 179 
applicants and to Junior grade 29. The following were approved 
for transfer to Member grade: О. K. Hovgaard, D. Н. DeBurgh. 
Н. W. Kitchin, James А. Dowie, А. А. Hebert, E. H. Smythe, 
R. K. Potter, R. H. Wood and N. E. Wunderlich. The following 
were approved for direct election to Member grade: T. Thorne 
Baker, Irving Vermilya, and J. B. Dow. F. A. Hinners was trans- 
ferred to grade of Fellow. 

The Liebmann Memorial Prize, consisting of $500 in cash, 
which is issued annually was this year awarded to Dr. Ralph 
Bown for his researches in “Wave Transmission Phenomena." 
The award will be presented to Dr. Bown at the annual conven- 
tion early in 1927. 

The addition of about 500 square feet of space for head- 
quarters offices was approved by the Board. 

The president was authorized to appoint a committee on 
Broadcast Engineering. This committee will consist of five mem- 
bers, three of them to be board members. The personnel of this 
committee will be announced in the next issue of the РвосЕЕр- 
INGS. 

There was preliminary discussion relative to the holding of 
the Annual Convention in 1927. A Convention Committee will 
be appointed at the October Board meeting. The Convention 
very likely will be held in January. 


Rochester Section 


The Rochester Section will hold a meeting on October 2nd 
at which Mr. John W. Million, Jr., of the King-Hinners Company, 
will deliver a talk on radio. 
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Membership Committee 


The Membership Committee, H. F. Dart, chairman, held a 
meeting at Institute headquarters on the evening of September 
7th. The Committee is planning a campaign for new and desirable 
members. The desire is to do all possible to make sure that every 
radio man may have an opportunity to make application for 
membership. Ordinarily, it is best even for experienced radio 
engineers to apply for Associate membership initially. After 
being admitted to the Institute, those enrolled as Associates, are 
in а position to study the requirements for the higher grades and 
to become acquainted with the required number of Fellows and 
Members so that they may use the names of these gentlemen as 
references. 


Washington, D. C., Section 


The new Section officers for the coming year are: Chairman, 
A. Hoyt Taylor; Secretary-Treasurer, F. P. Guthrie, 1112 Con- 
necticut Ауе., №. W., Washington. The Section officers are 
working on a schedule of important radio papers to be presented 
and discussed at meetings to be held during the next Fall and 
Winter months. 


Chicago Section 


The Chicago Section held a meeting on Friday, July 30th, 
in the rooms of the Western Society of Engineers. А paper was 
presented by Dr. E. W. Engle on the subject of “Characteristics 
of Electrolytic Rectifiers as Used in Radio Engineering." 

À committee was appointed to serve as an Executive Com- 
mittee, the members being G. À. Johnstone, three years; J. H. 
Miller, two years, and Montford Morrison, one year. These 
members will serve with the chairman of the Section. 


Toronto Section 


The officers of the Toronto Section to serve during the com- 
ing year are: D. Hepburn, Chairman; С. С. Meredith, Secretary; 
George F. Eaton, Vice-Chairman; C. I. Soucy, Assistant Secre- 
tary, and А. Г. Ainsworth, Treasurer. Professor T. В. Возе- 
brugh was elected Honorary Chairman of the Section. 


Diplomas for Fellows and Members 


The diplomas authorized to be issued to Fellows and Mem- 
bers of the Institute are ready for distribution. Fellows and 
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Members who have not yet procured their diplomas may do so 
by making application to the Secretary. 


Change of Address 


Members, any grade, who change their place of employment 
ог their residence address should advise the Sceretary of the 
Institute relative to the new address. This is important in order 
that the PRocEEDiINGS and other publications of the Institute 
may reach each member promptly and without being returned 
to Institute headquarters for remailing. 

The 1927 Year Book, which will contain the names of all 
members, all grades, in good standing after the beginning of the 
year, is intended to be correct in all particulars. Members should 
notify the Secretary's office as to correct business connections 
and correct mailing address so that entries in the Year Book 
may be accurate. 


Pictures of the Presidents 


The Institute has procured and had framed pictures of all the 
past presidents of the Institute. These are displayed in one of 
the rooms at Institute headquarters. 


Los Angeles Section 


The Los Angeles Section at its last meeting had for consider- 
ation a paper on the subject of "Radio Interference,” by Ralph 
W. Wright. 

The officers of the Los Angeles Section are: Chairman, Lee 
Yount, 1220 Wall Street, Los Angeles, Calif.; Vice-Chairman, 
М. E. McCreery; Secretary-Treasurer, L. Elden Smith, 340 
North Painter Ave., Whittier, Calif. The Executive Committee 
is made up of the обес and Les Taufenback, Dr. E. C. W aters 
and C. 8. Pratt. 


Advertising in the РвоскЕрімс5 


Members of the Institute in writing to the manufacturers of 
radio apparatus who advertise in our pages should not fail to 
mention that the advertisement was seen in the PROCEEDINGS. 
The Institute's income from advertising is used to help defray 
the eost of publishing the PRocEEDINGs. АП possible support 
should be given to the concerns which advertise in these pages. 
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Entrance Fee 


On page 15 of the 1926 Year Book, Article IV, Dues, the 
entrance fee payable on admission to the Institute, covering each 
grade is given. During the past three or four years the entrance 
fee has been waived, but is to be restored on January 1, 1927, as 
stated in Article IV. Those who join the Institute, any grade, 
after January 1, 1927, shall be required to pay the proper en- 
trance fee, as well as the annual dues, as soon as they are notified 
of their election to membership. 


Proceepincs to be Issued Monthly 


The present plan is to begin monthly publication of the Рко- 
CEEDINGS, beginning with the January, 1927 issue. All members 
will receive the monthly issues as heretofore they have received 
the bi-monthly issues, without any additional dues payment. 
This increase in the number of copies of the PRockEEDiINGS, which 
members receive annually, will be of very great advantage and 
value. 


Bound Volumes of the PRocEEDI NGS 


Bound volumes of the PROCEEDINGS are available from the 
year 1917 to 1925, inclusive. The price to members is $8.75 per 
volume. The price to non-members is $11.00 per volume. 


Chicago Section 


The new officers of the Chicago Section elected at the annual 
meeting held on July 30th, are: Chairman, G. M. Wilcox, 
Professor of Physics, Armour Institute; Secretary-Treasurer, 
H. E. Kranz, 703 North 5th Ave., Maywood, Ill. As stated in 
another paragraph in this issue, the officers for the year act with 
an Executive Committee which carries over from year to year 
in managing the affairs of the Section. 


Membership 


On August 1, 1926, the Institute had a membership enroll- 
ment as follows: Fellows, 80; Members, 415; Associates, 2,760; 
Juniors, 175—a total of 3,430. This is a gain of approximately 
1,000 in the past year. 

In the British Isles there are 255 members; in Canada, 135: 
n other foreign countries, 220. 
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Section Territories 


Philadelphia—Philadelphia, Camden, Atlantic City. 

Washington— District of Columbia, Annapolis. 

Boston—60-mile radius. 

Chicago— Chicago City, Aurora, Joliet, Ottawa, Elgin. 

Toronto—Province of Ontario. 

Rochester—Syracuse, Elmira, Oswego, Binghamton. 

Seattle—State of Washington. 

San Francisco—Oakland, Alameda, San Jose, Stockton, 
Sacramento, San Rafael. 

Los Angeles—Santa Barbara, Pasadena, San Diego, San 
Pedro, Bakersfield. 


Errata 


In the paper by N. N. Tsiklinsky and V. A. Volynkin on 
“Choice of Power for a Radio Station," published in the Pro- 
CEEDINGS for June, the following changes should be noted: 

Page 383, equation (2), e should be Е; equation (3), the expon- 
ent Ё should be 7. 

Page 384, second equation, € should be “©; in formula (5a), 
Ama Should be oma; in formula (ба), Ста should be Cna; eighth 
line from top, exponent — 7 is inverted; in formula (4a), C should 
be €. 

Page 385, 13th line, consideron should be consideration. 

Page 386, 10th line (rom bottom > should be >. 

Page 388, last line, power kw. should be power 20 kw. 

Page 389, 5th line of summary, h? should be 577, 


REDUCTION OF INTERFERENCE IN BROADCAST 
RECEPTION* 


Ву 
ALFRED №. GOLDSMITH 


(CHIEF BROADCAST ENGINEER, RADIO CORPORATION OF AMERICA) 


When, in addition to the desired program, there is released 
from the loud speaker of the receiving set employed by the broad- 
cast listener a program or programs emanating from other and 
undesired stations, it is said that ''interference" is present. The 
relative loudness of the interfering sound, as compared to that of 
the chosen program, will in part determine the usefulness of the 
radio receiver to its owner (at that time and for the rendition of 
the desired program). If the interference is extremely slight, it 
may be tolerable; yet if it is at all noticeable, even during silent 
pauses in the desired program, it will probably detract from the 
enjoyment of the listener to such an extent as to spoil his enter- 
tainment and the corresponding value of the radio broadcast 
service. High quality radio service requires inaudible (that is, 
psychologieally non-existent) interference. 

The diseussion in this paper will be limited to interference 
caused by undesired broadcasting stations; although it should be 
kept in mind that the interference from damped wave marine 
transmitters (for example, of the spark type), harmonics of con- 
tinuous wave transmitters or irregular variations in their radia- 
tion (such as “агс mush’’), inductive interference from a number 
of electrical devices and systems, incidental to human activities, 
and electrical disturbances of atmospheric origin may all interfere 
with broadcast reception of feeble signals to a noticeable extent. 
The reduction of interference primarily involves technical fac- 
tors, but it also carries the engineer and investigator into the 
realm of human relations. It is accordingly necessary in the 
following study of the reduction of interference to consider, as a 
practical proposition, certain non-technical matters. 


*Received by the Editor, July 30, 1926. Presented before THE INSTITUTE 
оғ Rapio ENGINEERS, New York, October 6, 1926. 
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1. FACTORS IN THE PRODUCTION OF INTERFERENCE 


It is assumed that reception is being carried out, at a given 
frequency, using a vertical effectively non-directional antenna. 
It is also assumed that the incoming electromagnetic waves, car- 
rying the broadcast program, are vertically polarized. It is also 
taken for granted (although unfortunately it is not universally 
the case in practice) that the frequencies of stations on adjacent 
channels are separated by 10 kilocycles per second and that, in 
consequence, their carrier waves will produce a practically in- 
audible beat-note with one another. It is to be noted, however, 
that the intelligence-carrying side bands of two signals will in- 
terfere with each other under such conditions unless the audio 
frequencies transmitted as carrier modulation from each station 
are limited to a maximum of 5,000 cycles per second, a value too 
low for entirely satisfactory reproduction of music or speech. 

(a) Field Strength. The more intense or powerful the field of 
the incoming waves, the greater will be their capabilities in the pro- 
duction of interference. It is therefore to be expected that per- 
sons in the immediate vicinity of powerful broadcasting stations, 
which are capable of laying down high field strengths over con- 
siderable areas, may experience interference. 

(b) Receiver Selectivity. Selectivity is that characteristic of a 
receiver which enables it to discriminate between two Incoming 
signals on neighboring frequencies, passing one and excluding the 
other. It involves a progressively increasing attenuation of the 
radio frequency (or intermediate frequency), tuning system 
toward frequencies Increasingly removed from the desired signal 
frequency. 

It should be noted in this connection that the sensitivity of a 
receiver will apparently influence its working selectivity. Highly 
sensitive receivers, which give extremely powerful sounds from 
the loud speaker when actuated by feeble incoming waves, will 
correspondingly give an audible response from an interfering 
signal under circumstances in which a less sensitive receiver, 
while giving a weaker loud speaker sound, will not seem to pro- 
duce any interfering signal because the interfering signal has been 
dropped below the audibility limit. The obvious remedy for in- 
terference which accompanies excessively loud signals from weak 
stations, produced by an ultra-sensitive receiver, is to reduce the 
receiver sensitivity by volume control manipulation (assuming 
that the selectivity of the receiver is independent of its sensi- 
tivity, which is sometimes not the case). 
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Of analogous nature is the interference resulting from the use 
of an antenna or pick-up system of excessive dimensions whereby 
an inappropriately large signal voltage is impressed upon the 
receiver, perhaps overloading one or more stages of amplifier 
tubes. Under such circumstances, even feeble interfering signal 
voltages will cause an audible response in the loud speaker, and 
normal signal voltages will cause undesirably loud or distorted 
signals. In this case the indicated remedy is a reduction in the 
size of the wave pick-up system. 

It is clear that the practical usefulness of feebly selective 
receivers is limited to locations where there are only weak signals, 
on considerably separated frequencies. Such signals from distant 
or low-power stations are generally found exclusively in rural dis- 
tricts under present broadcasting conditions. 

By contrast, highly selective receivers have a wider (and in 
fact, practically universal) sphere of usefulness. They are 
capable of receiving weak signals from comparatively distant 
low-power stations without interference even though there are 
nearby powerful stations in operation. 

(c) Psychological Influences. Interference is astonishingly 
odious to the average broadcast listener despite the absence of 
direct financial participation by him in the expense activities of 
the broadcasting stations which attempt to serve him. A listener 
may receive eleven stations perfectly, but fail to receive the 
twelfth because of interference from a thirteenth station. Under 
these circumstances, the listener-reaction in the extreme case is 
somewhat as follows: The eleven stations which he can receive 
become uninteresting to him, and are neglected. The twelfth 
station which he cannot receive, regardless of its intrinsic merits, 
becomes the grimly desired goal of his radio ambitions. The 
thirteenth, or interfering station, also regardless of its program 
merits and tone quality, appears to him as the serpent in what 
would otherwise be a radio paradise and, unless restrained, he 
will bruise the head of serpent beneath his heel. 

It is also found that the designation given to a broadcasting 
station makes a great difference to many listeners. The follow- 
ing, for example, is fairly typical: A listener will be located a mile 
from а one-half kilowatt station, or perhaps three miles from a 
5-kilowatt station. He will experience a certain amount of inter- 
ference due to the high field strength of the incoming waves, but, 
since the stations in question seem to be sanctioned by time- 
honored custom, it will never occur to him to complain of their 
existence. Other listeners, located say ten miles from a 50-kilo- 
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watt station, and experiencing no greater field strengths than 
the uncomplaining listener just mentioned, will learn to their 
astonishment that they are only ten miles from а “вирег-рожег 
station." "They may then experience psychological as well as 
physical interference, and some will protest. Unfortunately field 
strength is not the sole determinant of public satisfaction. 
One may also briefly touch on the possible misinterpretation 
of the purpose of а newly established broadcasting station of 
considerable power. Radio is а new and complicated art, im- 
perfectly understood by the public; and it is a simple matter for 
the good people of the locality in which an efficient broadcasting 
station has been established somehow to get the opinion that 
there is some objectionable motive responsible for the establish- 
ment of the station in question. In common with other important 
elements in broadcasting (censorship, copyright privileges, wave 
length allocations, operating time, and the like), the location and 
power of broadcasting stations have controversial aspects. 


2. ANALYSIS OF RECEIVER SELECTIVITY 

(a) Basis of Selectivity. Essentially all present-day receivers 
depend for their selectivity on а well-known characteristic of a 
cireuit (or circuits) containing inductance and capacity. Sucha 
circuit shows a minimum reactance (or impedance) at a certain 
specified frequency, to which frequency it is said to be "tuned." 
Maxima of voltage or current may be produced in this circuit at 
this frequency. The reactance of the tuned circuit is greater at 
frequencies above or below the frequency to which it is tuned, 
and the increased impedance of the circuit results in a larger atten- 
uation of currents at off-tune, or undesired frequencies. This 
simple circuit still forms the basis of modern receiver 
selectivity. 

(b) Improved Selectivity. In general, the selectivity of a single 
tuned circuit is insufficient to meet existing broadcast interfer- 
ence problems. While the current response, produced by a given 
voltage, at an undesired frequency is less than that at a nearby 
desired frequency, yet the ratio of the undesired current to the 
desired current is often not so small as is necessary to reduce 
interference to inaudibility. Among the methods which may be 
employed in practice to increase the selectivity of the receiver are 
the following: 

(b-1) A succession of tuned circuits may be coupled to each 
other, and the desired signal energy, as well as the undesired 
signal energy may be caused to traverse the successive circuits. 
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The attenuation toward off-tune currents may be considerably 
increased in this fashion, and the selectivity improved. 

(b-2) The incoming signals, both desired and undesired, may 
be caused to pass through & sequence of tuned circuits each of 
which is more or less independent of the preceding. Generally 
such circuits are electrically separated by one-way repeaters of the 
triode type. It is attempted to reduce the back coupling between 
successive circuits to & negligible quantity, and this requires in 
general the neutralization of the effects of inter-electrode capacity 
in the triode, as well as the choice of suitable geometrical con- 
figuration for the tuning elements in the successive circuits, and 
also the adoption of certain other expedients. Аз an ideal, the 
attenuation toward off-tune currents in & succession of such 
independent circuits is à summation of the attenuations due to 
each one of the circuits, so that the over-all selectivity of such 
svstems may reach high values. 

(b-3) Ап intermediate frequency selectivity may be utilized, 
generally in addition to radio frequency selectivity secured 
according to the preceding methods. This is accomplished in 
the super-heterodyne receivers. The incoming. desired wave is 
converted to a fixed intermediate frequency by heterodyning 
with a tunable local oscillator. In the reception of speech or 
music, а super-audible intermediate frequency is employed. The 
converted or intermediate frequency is then generally passed 
through correspondingly tuned amplifiers. Undesired waves are 
converted to frequencies which are highly attenuated by the 
intermediate frequency circuits. In view of the considerable 
ratio of the incoming radio frequency to the intermediate fre- 
quency (about 25-to-1 in ordinary broadcast receivers), an 
unusually sharp cut-off of currents at undesired frequencies close 
to the desired signal is obtainable. 

(c) Necessary Limitation of Selectivity. Although the opposite 
is well known to radio engineers, there has been a widespread 
public impression that the selectivity of receivers may be in- 
definitely increased, and that interference can therefore be elim- 
inated by the use of sufficiently selective receivers. 

Considering first the ideal case, it may be assumed that the 
transmission from a radio telephone station of high quality will 
inelude the carrier frequency and two side bands extending to 
frequencies 10 kilocycles above and below the carrier frequency. 
Such a transmission therefore occupies 20 kilocycles, which is the 
proper width for a radio channel. Adjacent carrier frequencies 
should, therefore, be separated by 20 kilocycles. Unfortunately, 
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the urgent pressure applied by prospective broadcasters has 
necessitated the assignment of broadcasting frequencies only 
10 kilocycles apart. At best such а system is a compromise. 
Under such a regime, however, a receiver should admit, without 
attenuation, а band of frequencies 10 kilocycles wide. For 
example, when tuned to 660 kilocycles, all frequencies from 655 
to 665 kilocycles should be equally passed through the receiver, 
whereas all frequencies outside of this band should be weakened 
to inaudibility even if the external field strength corresponding 
to them is considerable. The transmission band of such в re- 
ceiver, being flat-topped, and having sharp cut-offs, will permit 
reception without quality distortion at audio frequencies (assum- 
ing а suitable audio frequency detector, amplifying system, and 
loud speaker). 

Actual receivers do not behave in this fashion. Their admit- 
tance curve is sharply peaked in many cases, and their cut-off 
gradual. As a result, tone quality is injured by selective atten- 
uation ‘within the side bands, and interference from stations on 
neighboring frequencies is admitted. Without going into further 
details, it may be stated that the further a receiver deviates from 
the flat-top and abrupt cut-off admission band, the less desirable 
it is from the standpoint of selectivity and tone quality. Asan 
obvious secondary consequence, the useable selectivity of re- 
ceivers is definitely limited. 


3. PERFORMANCE OF PRESENT Day TRANSMITTERS AND 
RECEIVERS 

It has not yet proved feasible to employ, for broadcasting 
purposes, transmitters emitting a single side band, the other side 
band and the carrier being eliminated. Nor has multiple trans- 
mission (of the same program) on an identical frequency at each 
of a number of interconnected stations become a part of stand- 
ardized broadcasting practice. Both of these systems have been 
experimentally tried, and their practical capabilities will no 
doubt be determined by further trial. For the present, how- 
ever, they need not be considered. 

(a) Transmitter Power. The power of transmitting sets for 
broadcasting purposes varies over the wide range of 10,000-to-1. 
A number of midget transmitters of 5 watts are employed for 
purely local transmission, and a number of 50-watt sets are also 
in use to cover certain limited areas. The reliable service range 
of such transmitters, is, however, too limited for serious consider- 
ation in dealing with broadcasting problems of national scope. 

It has long been the contention of far-sighted radio engineers 
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that the only range of transmitters deserving real weight is the 
true “service range." Quantitatively, we cannot exactly define 
the service range of transmitters. because of the somewhat 
irregular nature of radio transmission. However, a rough idea 
of what is meant can be gained from the tentative definition that 
“the service range of a transmitting station is that distance, over 
which it will produce, by day or night and at all seasons of the 
year (except during unusually severe atmospheric disturbances), 
a signal having at least as great a ratio to all disturbing sounds 
as the music from a high quality phonograph on a well-cut new 
record bears to the incidental needle scratch." 

The basis of this definition is the acceptance by the public 
of high-quahty phonographic reproduction as a service of human 
value. It is to be noted that this type of reproduction is taken 
as marking а minimum or lower limit of acceptability for radio 
signals received within the service range. A radio signal which 
is not so "clean" as the output of a good phonograph is received 
at a point outside of the service range of the corresponding trans- 
mitting station for critical listeners. 

To persons accustomed to the ranges secured by professional 
radio operators and amateurs, with telegraph signals, and under 
favorable conditions, the limited service ranges secured by broad- 
casting stations of a given power will come as a shock. It must 
be remembered that broadcasting stations communicate tele- 
phonically. An artistic effect is to be produced, and interference 
which can be overlooked in telegraphic reception of commercial 
material would be fatal to the enjoyment of the broadcast lis- 
tener. Then too, the manipulation of receivers by the public 
is less skilled than that of the professional radio telegraph oper- 
ators. Loud speaker operation is demanded in broadcasting in 
many instances, and extraneous sounds and disturbances in the 
same room require the loud speaker to deliver an unusually 
clear and loud signal for satisfactory results. 

For these reasons the service range of stations of various 
powers in the eastern portion of the United States may be esti- 
mated as follows: 

TABLE 1 


Antenna Power Service Range 
1 mile 


3 miles 


10 miles 


5,000 watts (5 kilowatts) | 30 miles 


50,000 watts (50 Кійоуайіз)................... 100 miles 
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These figures are primarily based on analysis of reception 
data by the Bureau of Standards of the Department of Com- 
merce, and published statements of Secretary of Commerce, 
Herbert Hoover. 

Of course these service ranges will be considerably exceeded 
many times under favorable conditions. On the other hand, at 
some points within the service range area where local conditions 
happen to be unusually unfavorable, good service will not be 
secured. А typical cause for poor reception in а limited zone, 
within the general service area, is the radio shadow cast bv great 
masses of steel buildings. 

(b) Field Strengths. The field strengths required for satis- 
factory broadcasting reception, within the service range, are far 
beyond those which have been regarded as commercially neces- 
sary in marine and transoceanic radio telegraphy, and for the 
reasons given in the previous discussion. The following table 
gives a general idea of the type of service, in its relation to dis- 
turbing sounds, which is yielded by various field strengths of 
waves within the broadcasting band: 


TABLE 2 


Signal Field Strength Nat ure of Service 
0.1 millivolt per шесег................. Poor Service 


1. millivolts per шегег................. Fair Service 


. millivolts per тейег.................| Very Good Service 


. millivolts per meter................. | Excellent Service 


. millivolts per тебег.................! Extremely Strong 


The field strength corresponding to the outer boundary of 
the "service range" lies between 1. and 10. millivolts per meter 
and, in general, is nearer the latter value than the former. 

The clear and outstanding conclusion from an analysis of 
these figures is that it is necessary, in а large country like the 
United States with its great rural areas, to have stations which 
can lay down field strengths in excess of 1. millivolt per meter 
over great areas. Every device of human utility has passed from 
the play-toy stage into the stage of reliable service. In terms of 
broadcasting, this means that field strengths of the order of 
tenths of a millivolt per meter, despite their sporting fascination 
to some people, will play little part in the future development of 
broadeasting. Conversely, it means that field strengths of the 
order of tens of millivolts per meter represent the goal of service 
for broadcasting of the future. 
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(c) Receiver Classification and Performance. The great 
majority of receivers now used for broadcast reception fall into 
the following classes, which are arranged in order of increasing 
selectivity: 

Receivers employing a single radio-frequency tuning stage, 
generally with adjustable regeneration. 

Receivers employing three radio-frequency tuning stages, 
each stage being fairly heavily damped and without 
effective neutralization of coupling between stages of 
radio-frequency amplification. 

Receivers utilizing three radio-frequency tuning stages, 
generally of low damping, and with more or less com- 
plete neutralization of interstage couplings. 

Receivers utilizing one or more intermediate-frequency tun- 


ing stages, and one or more radio-frequency tuning 
stages. 


The typical performance of some of the above receivers is 
given, approximately, in the following table. It is assumed that 
the receiver is tuned to 660 kilocycles (455 meters) and that the 
voltage reaching the final detector grid from a given signal, cor- 
responding to satisfactory volume in a loud speaker attached at 
the end of the audio frequency amplifier, is measured. An equal 
signal voltage is then applied to the receiving set, but at a fre- 
quency of 670 kilocycles, or 10 kilocycles off the desired signal 
frequency. The ratio of the voltage produced by the desired 
signal to that produced by the undesired signal, at the detector 
grid in this case, is given in the second column of the table. If 
the undesired signal is 710 kilocycles, or 50 kilocycles removed 
from the desired signal frequency, the corresponding voltage 
ratios of desired to undesired signal at the detector grid, are given 
in the third column of the table. It must be remembered that 
individual receivers vary in this regard, and that the following 
values represent order of magnitude only in each case: 


TABLE 3 
VOLTAGE RATIOS AT DETECTOR GRID 


Type of Receiver 10 kilocycles off carrier | 50 kilocycles off carrier 


One Radio-frequency Stage........... 1.5 5.5 


Same, but with Regeneration : 60. 


Three Neutralized Radio-frequency 
Stages 


$000. 
One Radio-frequency and two Interme- 
diate-frequency Stages (Super- 
heterodyne) | : over 10000. 
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It is obvious that suitable tuned circuits have the same 
functional importance in receivers as red corpuscles have in the 
blood. Оп this basis it is found that some of the simpler re- 
ceivers are suffering severely from pernicious electrical anemia. 
Their present debilitated condition results from their failure to 
meet the stringent broadcasting conditions of today, however 
placid and useful may have been their existence in the pioneer 
period of broadcasting. 

It is clear that there are possibilities of trouble from in- 
terference in a district where owners of receivers using a single 
radio-frequency tuning stage have become accustomed to receive 
distant signals from weak stations fairly well, but where receiving 
conditions are altered by the establishment in that district of a 
powerful transmitting station. Receiving sets which have been 
getting signals of the order of 0.5 millivolt per meter, will then 
have impressed upon them signals of the order of 100 millivolts 
per meter. The unsuitability of such receivers for modern broad- 
casting conditions will be glaringly displayed, and listener dis- 
satisfaction results. Yet radio progress, as pointed out in the 
previous discussion, depends upon the production of higher field 
strengths from broadcasting stations of increased power, whereby 
real service can be given to large areas. 

In the case of the establishment of the Bound Brook station, 
it was found that the great majority of complaints came from 
owners of home-made sets. Few complaints were received from 
owners of factory-made sets, except those of the single radio- 
frequency tuning stage variety, and of the three highly damped 
radio-frequency tuning stage type. Тһе detailed data on this 
point will be analyzed in another portion of this paper. 


4. THe Bounp Broox, New JERSEY, EXPERIMENTAL BROAD- 
CASTING STATION 


When it became evident to the executives and engineers in- 
volved that the next major forward step in broadcasting involved 
the establishment of a high power broadcasting station, careful 
preliminary studies were made of the anticipated performance of 
а 50-kilowatt transmitter located in the neighborhood of New 
York City. Numerous apparently suitable sites were selected, 
and the field strength distribution around a station located at 
each of these sites and at various distances from the station was 
calculated and plotted in map form. It was found that many 
important conditions had to be met by any location to be finally 
selected as suitable. These conditions will not be given in this 
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paper since they will appear in a forthcoming Institute 
paper.* 

Ostensibly cooperative persons kindly suggested that the 
station be loeated at the tip of Montauk Point, Long Island, on 
a remote lightship, on the highest and most inaccessible peak of 
the Alleghany Mountains, or even on an anchored balloon high 
in the air. Suffice it to say that unsympathetic engineers did not 
regard these proposals as feasible either technically or economi- 
cally. 

The most desirable location for the station having been pre- 
determined to be near Bound Brook, the station was built and 
placed in experimental operation for a week early in November, 
1925. After certain modifications in the equipment had been 
completed it was again placed in experimental operation early 
in December, 1925, and has been transmitting since that time 
under the call letters 2ХАН or WJZ. 

Аз soon as the station had been in operation for а few days 
it was found that some interference was being created in а region 
which we may term the “interference area’’—a roughly circular 
region centering on Bound Brook. 


5. ESTABLISHMENT AND PROCEDURE OF INTERFERENCE REDUC- 
TION SERVICE 


It was obvious to the engineers that the interference com- 
plained of could be reduced to negligible dimensions by suitable 
technical expedients. So far as is known, in every other case 
where a broadcasting station has been established, the listeners 
in that locality have in the main been permitted to discover for 
themselves how to eliminate the resulting interference. The 
managements of broadcasting stations have felt,perhaps properly, 
that their functions do not include educational campaigns on 
receiver construction and performance. However, it was be- 
leved that а demonstration of the usefulness of high power 
broadeasting was of such fundamental importance to the radio 
art that the management of the Bound Brook station was justi- 
fied іп going to unusual lengths in assisting the listeners who 
experienced difficulty in eliminating interference from that sta- 
tion, in order that practically the entire listener-community 
might be satisfied with the performance of the station. The 
causes of the interference, their correlation with receiver types. 
and the desirability of getting, at first hand, a cross-section of 


*J. Weinberger, “Тһе High Power Broadcasting Station of the Radio 
Corporation of America, at Bound Brook. New Jersey.” 
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receiving conditions in 1925 and 1926 also were factors which 
led to the establishment of a special service for the benefit of the 
local listeners. 

A qualified radio engineer, Mr. Bronson 5. McCutchen, of 
Plainfield, New Jersey, was retained to direct the activities of 
sixteen skilled assistants who were suitably located in towns 
within the “interference area." These gentlemen were available 
to call on each complainant and, through actual demonstration, 
to prove to him that the interference could be reduced or elim- 
inated by a suitable and simple addition of equipment to the exist- 
ing receivers. No charge was made for this service to the listen- 
ers, nor was any equipment sold by the Radio Corporation of 
America or its representatives. "The entire costs of the inter- 
ference reduction service were borne by the Radio Corporation. 
In Appendix А, the geographical organization of the staff is given. 
At this point, I wish to express my appreciation of the intelligent 
way in which the gentlemen involved carried out their duties. 

Copies of all complaints received by the Department of Com- 
merce were forwarded to the representatives of station WJZ, and 
this cooperation by the Department was extremely helpful. 
These complaints, together with those received by the station 
directly, were then handled in accordance with the following 
routine: 

қа) A pamphlet entitled, “Reducing Interference from a Near- 
by Broadcasting Station of High Роме” was at once mailed to the 
complainant. Pertinent excerpts of this pamphlet, showing the 
recommended methods, are given in Appendix B. While elemen- 
tary, this material is included because it may be of help to other 
station executives facing similar problems. The simplicity and 
inexpensiveness of the recommended methods are obvious. Тһе 
methods described in the pamphlet, as well as similar methods, 
also received wide publicity through the cooperation of the radio 
editors of local newspapers. 

(b) The interference reduction service telephoned the com- 
plainant shortly thereafter to determine whether the trouble still 
existed or whether it had been cleared by the complainant him- 
self using the methods recommended in the pamphlet or by other 
methods. This avoided unnecessary visits to persons no longer 
experiencing interference. It was also necessary to telephone 
in advance because of the difficulty in making night appoint- 
ments with the listeners. 

(c) If the interference still existed, a call was made by a mem- 
ber of the interference reduction service who determined the 
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best method of eliminating the interference. After demonstra- 
tion of this method to the listener, he was invited voluntarily to fill 
out and sign a blank stating his opinion of the results obtained. 
It was hoped to gather valuable statistical data from these 
blanks, а typical one of which is reproduced in Appendix C. 

The results of these activities were extremely gratifying. 
Although an unusually severe winter rendered the New Jersey 
roads almost impassable for considerable periods during Decem- 
ber, 1925, and January and February, 1926, thus rendering visits 
to complainants very arduous, the number of complaints on 
hand never became so great as to be unmanageable. In Figure 1 
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FIGURE 1 


are given the percentages of the total complaints received each 
week for a total of 23 weeks from December 15, 1925, to May 24, 
1926. The complaints built up rapidly after the first week of 
December, 1925, when the station began program transmission. 
About 6 per cent of the total complaints were then received per 
week during January, February, and March, 1926. During April 
and early May, 1926, about 3.5 per cent were received per week, 
constituting an appreciable reduction. Thereafter the com- 
plaints practically disappeared. During June and July, 1926, 
complaints were received at the low rate of one every week or two. 
A classification of the relative proportions of the various methods 
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whereby the complaints were cleared will be given at the end of 
this paper. 

It is interesting to note that this work constitutes in all likeli- 
hood the most extended systematic interference study so far 
carried out in the homes of the listeners. 


6. STATISTICAL Data ON BROADCAST STATION INTERFERENCE 


As pointed out in Section 1 of this paper, the primary factors 
in interference with broadcast reception are field strength, 
receiver selectivity, and certain psychological influences. The 
results of the interference reduction service activities have been 
systematically tabulated in such a way as to enable an analysis 
of the effect of these different factors. * 

(a) Dependence of Complaints on Field Strength. The com- 
plaints received were first classified, using percentage of total 
complaints against field strength at the corresponding receiving 
stations. The results are given graphically in Figure 2. The 
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FIGURE 2 


approximate distances from the station are also plotted along the 
ordinate axis as well as the field strengths. 
The average density of population within 6 or 8 miles of the 
*Ког which I desire to express ту thanks to Messrs. T. A. Smith and С. 


Rodwin who carried out this work under my direction, and with numerous 
helpful suggestions from Mr. J. Weinberger. 
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station is small (which was one reason for the choice of the sta- 
tion location). In consequence the percentage of complaints 
within 6 miles of the station is also small, a condition which would 
presumably exist for any station judiciously located. In order to 
avoid excessive numbers of complaints, it is important in the 
present stage of the receiver art, to avoid locating new 50-kilowatt 
stations within 5 or 10 miles of moderately populous communities, 
accustomed to powerful signals, and to keep correspondingly 
further away from large cities. 

The highest percentage of the total complaints (28 per cent) 
occurs about 8 miles from the station inthe zone corresponding to 
the 90 to 110-millivolt-per-meter field strengths. The percentage 
of total complaints drops to less than 10 per cent for the zone 
having field strengths from 10 to 30 millivolts-per-meter (about 
20 to 30 miles from the station). 

Beyond this zone there are practically no complaints. 

The same data are presented in another form in Figure 3. 
Percentages of total population residing in localities experiencing 


———————————— 
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Complaints Based on Population - Per Cent 


FIGURE 3 


a certain field strength and complaining thereof are plotted 
against field strength (and corresponding distance from the 
Bound Brook station). The curve has necessarily been smoothed 
judiciously by the draftsman but is closely correct. It will be 
seen that for a field strength of about 170 millivolts-per-meter 
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(at a distance of approximately 6 miles from the station), only 
1 per cent of the total population protested. At a field strength 
of 10 millivolts-per-meter (or a distance of 30 miles), complaints 
(except of the most unusual sort) disappear. These data are 
roughly applicable to similarly located 5-kilowatt stations by 
dividing distances by 3, and to 0.5-kilowatt stations by dividing 
distances by 10. 

These figures are no doubt astonishing to those who have 
heard lurid reports of the overwhelming percentages of com- 
plainants, supposedly numbering hundreds of thousands of 
individuals. They could have been anticipated, however, by 
considering that the population density in the area around Bound 
Brook (where field strengths in excess of 60 millivolts-per-meter 
are produced) is about 700 persons per square mile, whereas the 
population density in New York City, in the neighborhood of 
numerous 0.5- to 5-kilowatt broadcasting stations is roughly 400 
times greater or 280,000 persons per square mile. Yet there are 
few interference complaints from New York City listeners. 
Similarly there were few complaints from the important city of 
Newark, although its population is large (415,000 persons), be- 
cause of the long experience of the Newark listeners in handling 
the powerful signals of a 0.5-kilowatt station in that city. 

An interesting comparison can be made between Figures 4 
and 5. The former gives calculated lines of equal field strength 
in millivolts-per-meter in the region around Bound Brook. The 
latter gives lines of equal percentage of complainants (referred to 
total population). These have been termed “‘isoplaint lines.” 
The isofield and isoplaint lines are seen to be generally similar, 
as was to be expected. Field strengths of 20 millivolts-per-meter 
lead to total complaints from about 0.1 per cent or 1/1000th of 
total population, and may be considered to be innocuous even 
in the present youthful state of the art and for the relatively 
non-selective receivers frequently used in districts unaccustomed 
to strong signals. Of course highly selective receivers can do 
much better, and are a definite necessity as broadcast service 
evolves and becomes more reliable through the furnishing of 
adequate signals to substantially the entire listening public. 

Figure 5 also shows the interesting fact that only a small 
portion of the area of the state of New Jersey experienced inter- 
ference from the Bound Brook station. This was confirmed by 
the fact that 70 per cent of the New Jersey mail, even in Decem- 
ber, 1925, and January, 1926 (at the height of the psychological 
(crisis, was favorable. The New Jersey listener response at 
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present is, as previously stated, substantially free from com- 
plaints and, in fact, highly appreciative of the excellent service 
rendered through summer atmospheric disturbances. 

(b) Dependence of Complaints on Receiver Selectivity. In each 
case where demonstrations of interference reduction were given 
to the listener, the type of receiver experiencing the interference 
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FIGURE 4—Lines of Equal Field Strength 


was noted on the report blank. The percentages of each type 
of set found are given in Table 4. 


TABLE 4 


PERCENTAGES OF SETS VISITED, EXPERIENCING INTERFERENCE 
FROM NEARBY HIGH-POWER STATION 


білдіе-сігейіі...................................... 59.0 рег cent 
TWOSCIFCUIU. «osx cues eX VEA бл т RR MEN ESTE EE 12.1 per cent 
Т'һгее-сїгсшїф...................................... 27 .3 per cent 
FOour-cifeultai sius ons a bd en Oed d Ont a DOR DG AN 0.4 per cent 
Super-heterodynes (including home-made)............. 1.2 per cent 


It is seen that single-circuit receivers were most open to inter- 
ference, and actually nearly 60 per cent of the instances of inter- 
ference from Bound Brook were found in receivers of this type. 
The primary usefulness of such receivers is found in large terri- 
tories where radio interference is lighter and will probably 
remain 80. 
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Next came the two-circuit and three-circuit receivers. Here 
it was found that more than twice as many three-circuit receivers 
experienced interference as two-circuit receivers. However, the 
explanations are simple. In the first place, very few two-circuit 
receivers are used nowadays. In the second place, the two- 
circuit receivers in general utilized tuning circuits of average 
quality and damping. In the third place, the three-circuit re- 


— — E == 


<> 
| = P PATERSON è | 
> eDover | 
Hackettstown* f 
BELVIDERE £05) MORRISTOWN Montclaire Ё 
“с QU #2 х Е 
Ж (5) t Orangee / | 


| Plainfielde 
| J^ SOMERVILLE 
\ Raritay 9BOUNDBROOK 


) 


< = 
тт - 
> |\FLEMINGTON Е 
< ЕЕ BR 
>> <. 
m < АА 


О kton 


N 


ame burg 


| А eFREEHOLD 


ВЕ A 


| NIRENTON 


ИІ" 
| 
Wo — MM 
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ceivers (which were largely of the unneutralized factory-built 
"tuned radio-frequency" types), utilized alleged tuning circuits 
which were artificially damped to prevent self-oscillation. Ава 
result, the high losses of the various circuits broadened the tuning 
and lowered the selectivity to the point of making such so-called 
three-circuit receivers quite open to interference. This is a point 
to be borne in mind by radio engineers interested in the progress 
of broadcasting. 

As was to be expected, only negligible percentages of super- 
heterodyne receivers (including home-made super-heterodynes), 
and four-circuit receivers experienced interference. There was an 
early impression among some of the prematurely disconsolate 
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listeners that the interference problem presented was insuper- 
able, and some wrote in lugubrious fashion assuring the station 
officials that the interference could not be eliminated by any 
conceivable remedy. Quite a volume of propaganda to this effect 
was also circulated at one time. | 
To study in greater detail the performance of the various 
types of receivers, Figures 6, 7, and 8 were prepared. These 
show the complaining percentages of the total population for vari- 
ous field strengths when using single-circuit, two-circuit, and 
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FIGURE 6 


three-circuit receivers, respectively. Individual points only are 
shown, each corresponding to a definite town or village. The 
smoothed and averaged curves of Figure 9 give the same data 
in more useable form. As previously stated, these curves can be 
used with approximate correctness for similarly located 5-kilo- 
watt stations by dividing distances by 3, and for 0.5-kilowatt 
stations by dividing by 10. 

Again it must be remembered that what are here termed 
"three-circuit receivers" are widely current, but poorly selective 
devices. They do not include neutralized three-circuit receivers 
having high-quality tuning circuits, from the users of which 
practically no complaints were received. Clearly only super- 
heterodyne receivers and high-grade three-circuit receivers fully 
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meet modern selectivity requirements in the vicinity of average 
modern broadcasting stations. 

(c) Dependence of Complaints on Psychological Factors. A rather 
astonishing number of listeners will sign а vigorously protesting 
petition more or less аз а favor to a friend, or for some other 
inherently inappropriate reason. Excessive caution leads some 
persons having no radio sets to protest vehemently. For example, 
the following were among the letters of this sort received: 
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“Have no radio, but if any trouble ensues from WJZ, will 
come back at you for improvement." 

44 — — ——- petition was signed by Mr. —————. Не has no 
radio but he thinks perhaps some day he will have one and he 
wouldn't like any interference." 

To our regret, we are bound to confess that we were unable to 
eliminate potential interference perhaps to be experienced in the 
distant future by prospective radio listeners using poorly 
selective receivers. However, there was a redeeming and 
bright side to the situation in the form of splendid letters of 
enthusiastic commendation which were received from great 
groups of listeners. * 


*Some typical and interesting examples of these are given in my statement 
before the Committee on the Merchant Marine and Fisheries, House of Rep- 
resentatives, 69th Congress, First Session, on H. В. 5589 (Government Printing 
Office, Washington). 
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7. CLEARING OF INTERFERENCE COMPLAINTS 


A compilation of the disposition of complaints during each 
week has been made, covering the twenty-three weeks from 
December 15, 1925 to May 24, 1926. It is presented in graphical 
form in Figure 10. All the space shown in clear white above the 
shaded portions represents the percentage of listeners who were 
entirely satisfied after the demonstration visit. “Рагу satis- 
fied" listeners were those who agreed the interference could be 
eliminated, but had some adverse comment or expressed reserva- 
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tion as to the necessity for eliminating it. Broadly speaking, 
such listeners felt that the responsibility for eliminable inter- 
ference rested entirely or largely on the transmitting station and 
not at all on the receiving station. In view of the wide range of 
selectivity of receivers, this is an untenable and inequitable con- 
clusion. The responsibility for the interference experienced by 
the user of а poorly selective receiver cannot properly rest on 
the transmitting station. А considerable number of listeners, 
increasing as time went on, cleared up their own trouble. Others, 
becoming convinced by their friends or local dealers that their 
sets were at fault, purchased new and better sets of adequate 
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selectivity. This group grew rapidly during the Spring of 1926, 
and represents а hastened radio evolutionary process. 

The “irrelevant” class of complainants included some anoma- 
lous eases. For instance, there were found persons who never 
had owned a receiver, others who had receivers in such lamen- 
table condition that interference made the normal signals sound 
no worse, and still others who, though protesting, were unwilling 
to accept proffered assistance. There were also а number of 
people who had originally complained, but who had since decided 
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that they had no real cause for complaint. Altogether a very 
human situation was disclosed. 

The outstanding features were the increasingly rapid elim- 
ination of the interference by the listeners themselves as time 
went on, and the reduction in the proportion of partly satisfied 
and dissatisfied complainants. 

As will be seen from Table 5, the total number of com- 
plaints was less than 1,500. Only a little over 2 per cent of these 
remained dissatisfied, which is a most satisfactory result. It 
may safely be stated that these figures are far below the impres- 
sions which might have been gained from the press at the height 
of the initial dissatisfaction when interference from the Bound 
Brook station was first experienced. Sensational reports under 
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such conditions obviously require liberal discounts before 
acceptance. 


The summarized disposition of the complaints is given 


TABLE 5 


Disposition of Complaints Percentages 


Total Complaints 100% 
Cleared Own Trouble 6.6 


7.4 
5.6 
2.3 


Learning to Tune 
Other Method 


Irrevelant—Have no Set 
No Demonstration Desired.......... 
Have no Complaint Now 
Out of Order or Have Sold Set 


graphically in Figure 11. It should be added that, during the 
total period covered by the preceding study, there were received 
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In other words, only а few hundredths of one per cent of the 
total listeners to the station remained dissatisfied because of in- 
terference. Certainly the proportion of dissatisfied listeners in the 
radio audience of а high-power broadcasting station is less than 
one out of every thousand, which state of affairs represents an 
overwhelming verdict in favor of such broadcasting and a degree 
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of public favor probably unattained by any other entertainment 
or educational enterprise. 

It is not appropriate in this paper to present a study of the 
general comments of the listeners relative to the station nor their 
reactions toward the reliability of service given even at consider- 
able distances. Insummary, the listener response is exactly what 
would be expected from the technical considerations presented 
above and justifies the further development of high-power broad- 
casting, which, as is now clear, can safely proceed free from the 
imaginary bugbear of supposedly serious and unavoidable 
interference. 

SUMMARY: The factors in station interference with broadcast reception, 
namely, signal field strength, receiver selectivity, and psychological reactions 
of the listeners, are analyzed. 

Statistical data correlating these factors with interference ccmplaints 
from listeners in the vicinity of the 50-kilowatt broadcasting transmitter at 
Bound Brook, New Jersey (WJZ), are theri presented, these data being the 
results of a survey by a special interference reduction service. 

The clearing-up of the complaints by this service, using simple methods 
which are described, indicates the feasibility of high-power broadcasting 


stations, as well as the necessity for them because of the requirement of 
reliable broadcasting service over large areas. 
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APPENDIX A 


The Special Interference Reduction Service was under the 
general direction of Mr. Bronson S. McCutchen, assisted by 
Mr. C. V. Sandell, both of Plainfield, New Jersey. 

The following gentlemen handled the localities mentioned: 


Mz. W. J. FREULER Bound Brook and Somerville 
Messrs. №. L. SHEPARD and 
WALTER G. Wricut New Brunswick 

Mr. C. Brokaw Dunellen, New Market, and 
vicinity 

Trenton, Princeton, Hopewell, 
Lambertville, Hightstown, and 
vicinity 


Мв. J. C. McNIECE 


Messrs. E. S. COOKE 

T. L. Wortu 

L. BULLMAN 
С. А. EWALD, and 
D. D. PORTER 

Messrs. T. C. RocERs and 
В. О. S. HILLIER 


Plainfield and vicinity 


Westfield, Cranford, Garwood, 
and vicinity 

Perth Amboy, South Amboy, 
Rahway, Metuchen, and 
vicinity 


Mr. В. W. MULLER 


On general detail, covering re- 
mote points, outlying farms, 
and the like. 

The above indicates the general type of geographical dis- 
tribution of staff desirable in such surveys. 


Messrs. LLOYD SNELL and 
J. P. McCLARY l 


APPENDIX B 


"People living very near to a powerful broadcasting station 
may find that this station comes in loudly enough to interfere 
with reception of other stations even when the receiving set is 
most carefully tuned to the station that they want to hear. 
Particularly is this the case in large cities like New York (which 
city has no less than twenty-two broadcasting stations, operating 
on powers up to 5,000 watts and in general with many hundreds 
of thousands of people living within a few miles of each of these 
stations). With a receiver having poor selectivity, it may be 
that the nearest or most powerful station will be heard no matter 
how the set is tuned, but with а receiver of very great selectivity, 
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only perhaps two or three stations of very nearly the same wave- 
length as the local station will be interfered with. Thus the 
seriousness of the interference depends upon the selectivity of 
the receiver, the distance from the interfering station, and the 
power of the latter. In the following, the methods of eliminating 
or greatly reducing such interference at minimum expense and 
trouble are given. 

“Fortunately, in most cases the interference may be reduced 
to a point where it is unobjectionable by the use of one or more 
wave traps. These are simple devices that can be bought fairly 
cheaply, and can be made at home very easily for almost no cost 
beyond that of a variable condenser. 

“Іп the great majority of cases the interference can be elim- 
inated by the use of what is called a series шаге trap. 

“Тһе series wave trap has two binding posts, one of which is 
connected to the antenna post of the receiver, and the other is 
connected to the antenna. (The antenna is thus discon- 
nected from the set, and the signals have to go through 
the trap to reach the set. This is why it is called a series trap.) 
See Figure 1, which shows how to connect a series trap. In addi- 
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FIGURE 1 


tion to the wave trap a .0005 microfarad fixed condenser should 
be connected across the antenna and ground binding posts of the 
receiving set. 

“The series trap offers a very great obstruction to the inter- 
fering signal and thus reduces the amount that gets through the 
set, but offers comparatively little obstruction to the desired 
signals. 

CONSTRUCTION OF A SERIES WAVE TRAP 


** A satisfactory series trap can be made of the following parts: 
one .0005 microfarad variable condenser, one cylindrical card- 
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board cover off an old dry cell (about 216 inches in diameter), 
& spool of Number 24 double-cotton covered wire, & small board 
to mount the parts on, two binding posts or Fahnestock clips for 
connecting to antenna and to receiving set. (See Figure 2.) Wind 
а coil with the wire on the cardboard tube, with the turns close 
together, about 60 turns. Twist a few loops in the wire for con- 
nections at several points, say turns number 5, 10, 18, and 30, 
and also at the last turn. 

* Remove the cotton covering from the wire on the coil at these 
points, so that connection can be made to any one of them by 
means of the flexible piece of wire marked ‘А.’ Such places, 
where connection may be made to certain turns on the coil, are 
called 'taps.' 

“Mount the variable condenser and coil on a wooden board, 
provided with two binding posts as shown in Figure 2. Connect 
“TAPS” ON COIL AT 57^ 
_ 607и TURNS, REMOVE 


COTTON INSULATION 
AT THESE “TAPS” 


— FP TO ANTENNA 
E! aM 


FLEXIBLE PIECE OF WIRE 
„ТО BE TRIED CONNECTED 
Ра TO VARIOUS “TAPS” ON COIL 
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the first and last turns of the coil to the variable condenser, as 
shown in the figure. Then connect one of the binding posts on 
the board to one of the binding posts on the variable condenser, 
as shown in the figure. To the other binding post connect a piece 
of flexible wire (the No. 24 cotton covered wire can be used, but 
a piece of stranded flexible, insulated wire would be better) and 
remove the insulation from the free end so that it may be con- 
nected to one of the ‘taps’ which were made on the coil, as will be 
described in the second paragraph below. 


OPERATION 
* Remove the antenna wire from the ‘antenna’ binding post 
on your receiving set and connect it to the right-hand binding 
post on the wave trap, and connect the left-hand binding post 
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on the wave trap to the binding post on your receiver to which 
the antenna wire previously went (see the figure). Next, connect 
the .0005 microfarad fixed condenser between the antenna and 
ground binding posts of the receiving set. 

"Now twist the ‘flexible’ wire connection on the wave trap, 
around the 'tap' at the 30th turn, being sure to make a good 
connection. Then start up the receiving set, set. the wave trap 
condenser pointer at zero, ап tune for some desired station. 
This may come in at a different place on the receiver dials from 
those found previously. If the interfering station is now heard 
along with the desired one, turn the knob of the wave trap con- 
denser very slowly until the interference disappears. 

“If the desired station goes out along with the interfering one, 
change the flexible connection on the wave trap to the 18th turn, 
and repeat the operation. If the same thing still occurs, try 10 
turns and 5 turns in succession. In each case, before changing 
the tap connection, try re-tuning or re-adjusting your receiver, 
to see whether or not the desired station can be brought in, and 
also re-adjusting the wave trap slightly to keep out the interfer- 
ing signal. A certain amount of back and forth adjustment 
between the receiver and wave trap may be necessary. 

“If with the tap connection on the 30th turn the interfering 
signal can still be heard under the desired one, when the wave 
trap is tuned, to give its maximum reduction of interference, 
change the tap connection to the 60th turn and repeat the 
operation described above. 

“А certain amount of experimenting will be necessary, in order 
to learn the effect of the wave trap on the receiver adjustments, 
and in order to learn how to adjust the wave trap as well as what 
tap on the coil is best for your particular receiving set and an- 
tenna. 

“If the trap does not work when first made and connected, 
inspect it carefully to see that it was made in accordance with 
the foregoing instructions. Traps such as the one described have 
actually been made, and have been used successfully with many 
hundreds of receivers, of the widest variety of manufacture. 


Loo» SETS 


“Less interference will be found usually when using loop sets 
because the loop is more selective than an antenna. Also the 
loop can be turned into a position where the interference is very 
much reduced. And finally, à wave trap can easily be made 
that will cause a great decrease in interference, as follows: 
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“Wind about 20 turns of double-cotton-covered Number 24 
wire in a bunch around a regular size 45-volt “В” battery (which 
is about 7 inches by 8 inches). Slip the coil off and tie or tape 
it together to keep from falling apart. Connect it to a variable 
condenser. Then hold the coil near the loop and adjust con- 
denser to make the interference as little as possible.” 
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COMBINED ELECTROMAGNETIC AND ELECTRO- 
STATIC COUPLING AND SOME USES OF THE COMBI- 
NATION 


Bv 
EpwaRp Н. LorriN AND S. YovuNc WHITE 


The energy transfer characteristic of the normal forms of coup- 
ling employed in radio receivers is well known to all of us and 
in the usual forms transfers energy more readily at higher fre- 
quency than lower. This characteristic makes for higher effi- 
ciency and consequently greater tendency towards instability 
of commercial vacuum tube receivers on the high-frequency 
portion of the broadcast band. 

Our investigations of the combination of electromagnetic 
and electrostatic couplings were for the purpose of removing 
this objectionable characteristic, and we undertake in this paper 
to outline some of the more salient of our observations during 
these investigations, as well as some uses made of the combina- 
tion. One of these features is the use of a coupling means which 
has its frequency characteristic reversed in that its most efficient 
energy transfer takes place at the lowest frequency. By suitably 
combining this coupling means with a coupling having the usual 
characteristic, we are enabled to so design the combined coupling 
that the total energy transfer will vary in any desired manner 
with frequency. 

Starting in an elementary way, let us consider the various 
voltages existing in the oscillatory circuit shown in Figure 1. 
With an impressed voltage Er across both the inductive leg and 
the capacitive leg, any desired fraction of this voltage may be 
obtained by tapping the inductive leg, resulting in a voltage 
E,, which increases in value with the number of turns in the 
tapped portion of the inductance. Similarly the capacity leg 
may be tapped by dividing its capacity into two series portions, 
as is shown by condensers Сі and С. Assuming a resonant con- 
dition, the voltage developed across C; will be inversely propor- 
tional to its ratio with Ci. For example, if С, and С» are equal, 
then the voltage Ес» will be just half the impressed voltage Ej. 


*Received by the Elitor June 8, 1926.  Fresented at a meeting of the 
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If С» is larger than Сі it will have proportionally less voltage 
across it, and vice versa. 

Keeping these voltage relations in mind, let us examine 
Figure 2. In this circuit С, has been made variable, while C, 
remains fixed. It is evident that C; has now become the variable 
tuning condenser for the system. However, in varying С, we 
find that we continuously vary its ratio with Cs. The larger C, 
becomes in its relation to Сз, the higher will be the voltage Ес. 
However, when С, is maximum, the frequency to which the 
system is resonant is minimum, and we have the condition that 
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the voltage Ec» is maximum when the frequency is minimum, 
and this voltage can be made any desired portion of E, by adjust- 
ing the capacity ratio of С» and Ci. 

This point might be brought out a little more clearly by a 
specific example. Assuming the condenser С, is a variable with 
a minimum capacity of 50 4.4.f., and a maximum of 500 Af. 
and that C, is а fixed value of 5,000 #.u.f., let us examine the 
voltage developed across С. At the maximum frequency С, 
will be at its minimum value—650 #.#.f. С» is now 100 times as 
large and will have roughly 1 percent of the voltage E, across it. 
At the lowest frequency C; will be 500 4.+.f., and the value of C., 
remaining at 5,000 +.+.f., will now be ten times as large as С, 
and voltage Ec» will be roughly 10 percent of Ej. 

One practical application of this effect is shown in Figure 3, 
where the arrangement of Figure 2 js used as a portion of an 
interstage coupling for а three-electrode vacuum tube amplifier 
system of the so-called tuned radio frequency type. The prin- 
cipal addition lies in the use of а coil L1, through which the out- 
put of the tube passes before reaching the branch point of the 
two condensers C1-C2. The energy transfer due to L1 has the 
normal characteristic of increasing with an increase of frequency, 
while the coupling due to the varying reactance of C2 with varia- 
tions of tuning condenser C1 has the reverse characteristic. 
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It is obvious that the electromagnetic coupling, due to L1 
may be combined with the electrostatic coupling due to C2 in 
either an opposing or an aiding phase. If they are combined in 
an opposing phase and are of approximately equal coupling 
effects, it is found that at the minimum frequency, the electro- 
static coupling will predominate, while at maximum frequency 
the electromagnetic coupling will predominate. 'Thus there will 
be some point in the frequency band where they will be equal, 
and since they oppose, a balance will obtain at this point and 
no energy transfer will take place. It is, therefore, obvious that 


FIGURE З 


ап adjustment of this kind would be of no value in receivers 
which must operate equally well throughout а wide range of 
frequencies. 

To satisfy the requirements of receivers that must cover 
wide ranges of frequencies, such as broadcast receivers covering 
the broadcast band, we have found that by combining electro- 
magnetic and electrostatic couplings to transfer energy in phase, 
and using at the same time the reverse characteristics of these 
two couplings properly adjusted, most satisfactory results are 
obtained in the production of а total energy transfer, which will, 
if desired and by proper adjustment, increase with frequency 
increase, decrease with frequency increase, or remain substan- 
tially constant throughout the frequency band. Figure 4 is 
illustrative of the manner in which the variable characteristic 
of electromagnetic coupling is combined with the reverse fre- 
quency characteristic of the variable electrostatic coupling, the 
figure showing how we obtain an overall energy transfer which 
can be made substantially constant throughout a wide range of 
frequencies (f). In Figure 4, the curve L1 represents the varia- 
tion of energy (w) transfer with the electromagnetic coupling 
and the curve C2 a predetermined variation of energy transfer 
with the electrostatic coupling, and the dotted line represents 
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the in-phase combination of the two. The portion below f repre- 
sents а reverse phase effect of C2. 

Again considering Figure 3, we find that by judicious pro- 
portioning of constants we can so adjust the coupling that 
at any point tnroughout the frequency range there is the cor- 
rect amount of inductive reactance in the plate circuit to main- 
tain the tube in a condition of critical regeneration. The tube 
can also be made to oscillate or to regenerate slightly throughout 
the band, as desired. It will be noted that the plate circuit 
is energized through a radio frequency choke. Any actual design 

v 


} 


FIGURE 4 


of this type of recciver must take into consideration the amount 
and phasing of stray feedbacks, if operation with extreme regen- 
eration is required. The frequency band covered by this com- 
bination is quite large, larger than usual, due to extreme loose 
coupling at the highest frequencies. 

A commercial application of the coupling is shown in Figure 
5, and it will be noted that the system is similar to that described 
in Figure 3, with the exception of condenser C3. 

The principal cause of oscillation in a radio frequency an- 
plifier system is feedback through the capacity between electrodes 
of the tube. It is necessary that this feedback energy be in 
phase with the impressed grid voltage in order to produce regen- 
eration and oscillation. It has been found that this positive 
feedback occurs only when the plate circuit is predominantly 
inductively reactive. If the plate circuit reactance is predomi- 
nantly capacitive, energy will also be fed back through the tube 
capacity, but in a negative phase. However, if the inductive and 
capacitive reactances of the plate circuit are equal, they create 
a non-reactive condition leaving only a resistive plate circuit, 
which will not feed back through the tube capacity in either sense. 


LOFTIN AND WHITE: COMBINED COUPLING 609 


When this non-reactive condition exists, the plate circuit 
becomes quite independent of the tube characteristics, since no 
feedback can occur through the tube capacity. In actual prac- 
tice, commercial models are designed for this condition so that 
tubes of any type or make can be used with no tendency toward 
regeneration or oscillation. 

In Figure 5 the condenser C3 is in series with the plate to 
provide the required capacity reactance to balance the inductive 
reactance due to the coupling means. Since the capacity of C3 
is fixed, its reactance varies inversely with the frequency, so it 


FIGURE 5 


is necessary to design the coupling to provide an inductive reac- 
tion which also varies inversely as the frequency, and to the same 
degree. This is accomplished by properly proportioning the 
couplings and values of Ci, C2, Сз, Гл, and Le. In actual practice, 
it is occasionally found desirable to leave the plate circuit with 
slight predominance of capacitive reactance, since under these 
conditions a slight negative feedback will exist in the tube, which 
will oppose any stray positive interstage feedbacks. In other 
words, the relative values of Ci, C2, Сз, L| and Ls, vary in dif- 
ferent styles of assemblies. 

In Figure 5 the automatic variation of the antenna coupling 
is also employed. This allows the coupling at the highest fre- 
quency to be quite loose, which is found to widen the frequency 
band covered by the tuned circuit associated with the antenna. 
The so-called absorption hump, which occurs when the antenna 
tune falls in the reception band, is also much reduced in effect. 

А variation of the cireuit is shown in Figure 6, where it is 
used to couple the plate circuit of a regenerative detector directly 
to the grid circuit, to produce either regeneration or oscillation 
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throughout the band. If a coupling similar to that previously 
discussed is used, it is found that the instantaneous polarity of 
the fed-back energy is in a negative sense, which necessitates the 
re-arrangement shown, which allows direct capacitative feed- 
back in a positive phase. Тһе variable resistance № controls the 
amount of feedback. This form of coupling is also used between 
stages of & radio-frequency amplifier, where it is necessary to 
ground the condenser C1, for single control receivers and the like. 

The phenomena so far discussed allow designing circuits 
which will permit a vacuum tube amplifier or detector type of 


FIGURE 6 


receiving set to oscillate at the upper or lower or at all dial set- 
tings. Figure 7 shows an arrangement which allows oscillation 
at any one intermediate dial setting. 

Аз we have observed before, the point between the two 
capacities C1, C2 is at a potential difference to the grounded side 
of the system, which is determined by the ratio of C1 to C2. 
Whatever value this voltage has we can also always find a point 
T on the inductance of exactly the same potential to ground. If 
we join these points with a resistance R of any value, no cur- 
rent will low through R, since both points are at equal potential 
to ground. If we now vary СІ as in tuning, we find that a poten- 
tial difference develops across R, since point T' remains at sub- 
stantially the same voltage, while the potential across C2 varies. 
This potential difference becomes greater as we vary Cl either 
up or down from the value at which we balanced the system. 
If we balanee midway of the dial reading of C1, we find that to 
be the only spot where the absorbing action of В has no effect, 
and if this Figure 7 arrangement is placed across the input of a 
vacuum tube whose plate circuit is sufficiently reactive to allow 
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of oscillation throughout the frequency band, R can be so ad- 
justed as to stop oscillation at all points except the balance point. 
If we balance at the lowest frequency, the damping action of В 
will increase with the frequency, and can be adjusted to prevent 
oscillation throughout the band. Precaution should be taken 
that R does not reach a sufficiently low value to allow the portion 
of the inductance below Т to form a resonant circuit with Co. 

While we have investigated and used numerous other appli- 
cations of the above, those we have outlined are considered 
sufficient to illustrate the principles involved. 
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SOME MEASUREMENTS OF SHORT WAVE TRANS- 
MISSION * 


By 
В. A. Нкізіме( ann J. С. SCHELLENGT AND С. C. SouTHWORTH{ 


INTRODUCTION 


The advent of short waves in the communication field has 
brought to light certain peculiarities of radio transmission pre- 
viously unknown. The distances over which short-wave com- 
munication has been possible, together with the vagaries reported 
from time to time, raised the question, at one time, as to whether 
the phenomena involved were in any wise orderly or entirely 
chaotic. Much progress has since been made in the process of 
systematization until now it appears that there is really more 
order to the behavior of short waves than was previously sus- 
pected. One of the outstanding pieces of work in this direction 
is that of Dr. A. H. Taylor!, who has correlated the work of 
amateurs, much of which has been reported in Q S T, with the 
short wave experience of the Navy. This has shown that in 
general short waves tend to skip the surface of the earth for a 
portion of their journey and be received at a distance with con- 
siderable intensity. The magnitude of this skip distance seems 
to vary with the time of day and the frequency (wavelength) 
used. Theories and calculations have been offered which for the 
present, at least, satisfactorily explain many of the short wave 
abnormalities.? It is the purpose of this paper to present trans- 
mission data on field strength, fading and telephonic intelligi- 
bility, together with some of their variations with time and dis- 
tance. The studies of which these data form a part are still 
incomplete, and do not include a sufficient range of conditions 

*Heceived by the Editor June 8, 1921. Presented] at a meeting of the 
INSTITUTE ор Rapio ENGINEERS, New York, №. Y., June 30, 1925. 

[Bell Telephone Laboratories, Incorporated. 

[American Telephone and Telegraph Companv. 

1A. H. Taylor, Proc. I. В. E. Dec., 1925, p. 677. 

*L armor, Phil. Mag., 1924. 

Nichols and Schellong, Bell System Tech. Jl., Vol. IV, 1925, p. 215; 
Popular Hadio, Oct., 1925. 

Taylor and Hulburt, Phys. Rev., Feb., 1926, p. 189. 


Rice and Baker, Paper presented at midwinter convention А. I. E. E., 
М. Y. C., February, 1926. 
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to be altogether conclusive. "Therefore, many deductions роз- 
sible at this time have been deferred to а later date when the 
attending facts have been more definitely established. 


SCOPE 


In the study of transmission the plan generally pursued was to 
send observers with the necessary measuring apparatus to points of 
vantage. Test signals were sent out hourly on each of several fre- 
quencies in accordance with a prearranged schedule. In most 
cases the schedule extended over several consecutive days. The 
tests were arranged to provide specific information on the diurnal 
variation of electric field strength, intelligibility and noise for 
each frequency, and for each distance where observations were 
made. The observing points were in some cases so selected as 
to bring out any marked differences that might exist between 
over-water and over-land wave propagation, and in others were 
arranged in a straight line to reduce the number of possible 
variables. Simultaneous measurements were made at as many 
as six locations. The observations totaled over 6,000 where each 
observation consisted of an average field strength measurement. 
& maximum field strength measurement, noise measurement, 
intelligibility measurement and fading observation. 

The frequency range covered was from 2.7 to 18 megacyeles, 
roughly 111 to 1615 meters. This was covered in seven con- 
venient steps with occasional tests on other frequencies. The 
greater part of the observations were made on 2.7, 4.5, 6.8, and 
9.7 megacycles. Most of the tests were made between September 
and December, 1925. They include observations in several 
directions up to over 1,000 miles, and a few in England. 


EXPERIMENTAL APPARATUS 


The transmissions were made largely from the short wave 
laboratory at Deal, N. J. The transmitter is of the oscillator- 
amplifier type, in which the frequency is set by an oscillator, 
and harmonics are generated and amplified. The oscillator was 
stabilized against frequency variations. The carrier was modu- 
Jated at a level of about 200 watts after which it was amplified 
by water-cooled tubes and delivered to the antenna. The radi- 
ated power varied with frequency, being about 1 kw. on 9.7 
megacycles (31 m.), and 4 kw. on 2.7 megacycles (111 m.). In 
addition to the regular Deal transmitter, a similar low-power 
transmitter was operated at the building at 24 Walker Street, 
New York City, during two regular tests. This extended the 
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range to 18 megacycles (1616 m.). The radiated power did not 
exceed 200 watts. 

Various types of antennas were used at Deal. The one 
usually employed on the lower frequencies consisted of а vertical 
conductor functioning approximately as а quarter-wave radiator. 
For the higher frequencies a vertical copper rod was used, which 
operated substantially as a half-wave radiator. Figure 1 is an 


FiavnRE 1—Short Wave Transmitting Laboratory and 66- 
meter Antenna at Deal, N. J 


illustration of the building and one of the antennas used at Deal. 
At the Walker Street transmitter half-wave radiators were used 
in all cases. 

The observations were taken with field strength measuring 
sets and automatic field strength recorders of types which will 
be described -in another paper. Illustrations are given in Figures 
2 and 3. Loops were used when possible on all measuring and 
recording sets, but vertical antennas were resorted to whenever 
the signal became too weak for the loop. 


DIURNAL TRANSMISSION CURVES 
Sample field-strength curves are given in Figures 4 to 7, 
inclusive, for 24-hour periods for Nantucket, Detroit, Mich., 
Columbus, Ga., and a complete trip on board a ship en- 
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route from New York to Bermuda. The diurnal curves vary from 
day to day, but in the main have certain characteristics which 
repeat. Where our tests ran several days, we averaged tbe read- 
ings for each hour of the several days to secure an average diurnal 
curve for each observing point. Such curves are shown in Figures 


FiGavRE 2— Portable Short Wave Field Strength Measuring 
Set 


8, 9, and 10 for England, September 10-13, Columbus, Georgia, 
and Fairfax, Virginia, December 11-14, inclusive. As a rule, on 
the lower frequencies, a minimum field strength occurs during 
the day. On 6.8 megacycles (44 m), at about 200 miles, the 
minimum usually occurs at night. Оп still higher frequencies 
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at 700 miles there appears to be a minimum both during the day 
and during the night. 

. The curves for 4.5 megacycles taken in England, Figure 8, 
show an absence of signal during the day, but a fairly strong 
signal at night. This curve should not, however, be taken as an 
example of what can be expected at that distance every time, 
as other experiments showed that at the time of these particular 


FiguRE 3—Automatic Recordin Set. This Apparatus 


Makes Continuous Records of Eit 
Strength 


er Signal or Noise Field 


tests the transmission to England at this frequency was excep- 
tionally good. 


VARIATION OF FIELD WITH DISTANCE 


Until short waves attracted attention about three years ago, 
it was thought that their attenuation as a function of distance 
was always very much greater than for the longer waves. For 
distances up to 100 miles this is found to be true. However, the 
phenomenal distances reached by short waves with small power 
have shown that our theory of transmission was incomplete. 
In order to explain how such distances are covered it has been 
assumed that at least a portion of the wave travels in an indirect 
overhead path, being deflected back to earth by some upper 
ionized layer and suffering little attenuation over this longer path. 
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Our observations bear this out. Up to а distance of about 
100 miles the attenuation was of the order of magnitude expected, 
after which the signal, instead of decreasing with distance, 
actually increased. Figure 11 shows curves taken at two wave- 
lengths over water up to a distance of 30 miles, where both 
transmitter and receiver were located at the water's edge with 
no intervening land. 'The distance was too small to secure any 
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Figure 4—Typical Curves of Field Strength, Noise and Intelli- 
gibility Taken at Nantucket, Mass., Sept. 11-12, 1925, 2.7 mc. 
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exact measurements of attenuation, though the results indicate 
that excessive attenuation does not occur. Incidentally, there 
was not the slightest indication of fading or bad quality in these 
tests. With over-land transmission made at the same time, the 
attenuation was observed to be enormous, due evidently to 
obstructions on the surface of the ground and to the ground 
itself. The observations plotted in Figure 11 were not made 
simultaneously at the various locations, but were made in suc- 
cession. Some were checked at other times, indicating that at 
such small distances the time of day had little or no effect. 
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Figures 12 and 13 show measurements made over distances 
up to 1,050 miles on 6.8 megacycles (44 m.). The curves give 
average field strength as measured simultaneously at three sta- 
tions in a straight line, one group of readings being 7:00 p. m., 
and the other at midnight on four successive nights. These 
figures show that the transmission curve, as a function of distance 
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FIGURE 5 


E 5— Турса Curves of Field Strength, Noise and Intelli- 
gibility Taken at Detroit, Mich., Oct. 21-22, 1925, 6.7 mc. 


varies from time to time and in some cases varies over a wide 
range. 

To secure a curve as a function of distance which could be 
called an average curve, the measurements taken at each obser- 
vation point were averaged. That is, a mean daylight value was 
obtained for each location by averaging all the readings taken 
when the path of the wave lay entirely in a daylight region. А 
night average was obtained in a similar way. Several days’ data 
at each location were made use of. Figures 14, 15, and 16 repre- 
sent average curves as a function of distance on 6.8, 4.5 and 


"zi HEIAN ТЕРЕМ, AND OUTHWOKTH 


2.4 megaryclea “44. 65 and ИТ m.). Figure 14 indicates thar 
the overhead wave on 655 megacveles (44 m.) comes bark to 
earth. giving а maximum signal about 600 miles away at night 
or 220 miles in the day. At these points the signal strengths are 
of the order of magnitude that are normally received over 56 


©, 


a 


ЕСО А РКО STRENGTH 


в д г e 4 C 8 © v? 2 4 G 5 


PER CENT ONTELLIGIALITY 


АМ = — Р.М. РМ = —А.М. €.5.T. 


Figure 6 -Typical Curves of Field Strength, Noise and Intelli- 
gibihty Taken at Columbus, Ga., Dec. 14-15, 1925, 9.7 mc. 


miles of water. Even at a thousand miles the signal 1s as strong 
as it is over 75 miles of water. There is a region of low field 
strength a short distance from the transmitter which is at present 
interpreted as a region which is too close to the transmitter to 
receive much by the indirect wave and a little too far to receive 
much of the direct wave. This appears as a decided depression 
in the curve. This region of weak signals becomes much more 
pronounced at shorter waves and gives rise to what is called the 
skip distance. This skip distance hollow increases in width as 
well as depth as the frequency is raised. Figure 15 shows the 
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‚ Aboard a Boat Enroute New York to Bermuda, Oct. 21-24, 


1925, 4.5 mc. 


Ficure 7—F-eld Stiength Received From Deal, №. J. 
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curves of field strength and intelligibility as & function of dis- 
tance on 4.5 megacycles (66 m.). 'The skip distance effect is also 
quite noticeable here. The distance at which the maximum 
signal occurs is reduced to around 300 miles at night and 250 in 
the daytime. The skip distance depression is sharper and nar- 
rower than for 6.8 megacycles (44 m.), though it must be stated 
that the shape of this is partly guess-work, being based upon 
measurements taken at 30, 90 and 240 miles. Figure 16 gives 
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Ficure 8—Curves of Average Field Strength and Intelligibility 
Received at Chedzoy, Somerset, England, from Deal, М. J., Sept. 
10-13, 1925, 4.5 me. 


corresponding curves for 2.7 megacycles (111 m.). At this wave- 
length there is just an inkling of the skip effect. The magnitude 
of the signal at distances above 200 miles is, however, consider- 
ably greater than what would have been secured if there were 
actually no overhead wave. In the region where the signal is 
secured from the ground wave only, the strength is very much 
less at all of these three wavelengths than that given by the 
Austin-Cohen empirical formula. Beyond the skip distance the 
signal is usually actually greater. 
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Figure 8, for transatlantic transmission at 4.5 megacycles, 
13 of interest, because of the fact that the field strength at times 
reaches values as great as ten times that calculated by assuming 
the inverse distance law. It is well to remember, however, that 
since the wave is presumably diverging in two dimensions rather 
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Figure 9—Diurnal Curves of Average Field Strength and Intelligi- 

bility Secured at Columbus, Ga., Dec. 11-16, 1925, on 2.7, 4.5, 6.7 and 

9.7 mc. Times of Sunset and Sunrise are Indicated by D= Deal, 
C—Columbus 


than three, we should not expect the inverse distance law to 
apply. 
IDEALIZED TRANSMISSION SURFACES 


As indicated above, field strength is a function of both dis- 
tance from the transmitter and the hour of the day. Therefore, 
a complete graphical representation for one frequency requires 
а three-dimensional figure such as shown in Figure 17. А figure 
of this kind may be considered as a surface made up from an 
infinite number of diurnal variation curves, each taken at a 
different distance from the transmitter. Since measurements 
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taken at a given point are subject to wide variations, it has been 
necessary to idealize the data to a considerable extent, taking 
into consideration only those characteristics which are known 
in general to repeat day after day. А plane passed through each 
figure at the 1 microvolt-per-meter level has been taken arbi- 
trarily as the limit or noise level below which a signal is no longer 
useful. If a higher level had been chosen, it would not have 
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Гісеве 10—Diurnal Curves of Average Field Strength and Intelli- 

gibility Secured at. Fairfax, Va., Dec. 11-16, 1925 on 2.7, 4.5, 6.7 and 

9.7 me. ‘Times of Sunset and Sunrise are Indicated by D=Deal, 
F= Fairfax 


seriously altered the shape of the figures. Actually the datum 
level adopted was approximately the lower limit of the measur- 
ing methods used. In constructing these surfaces the general 
procedure was to smooth out each data curve and correct it to 
approximately 1 kw. of radiated power and piece the whole into 
a general mean which seemed to be most representative of 
average conditions. 
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It should be borne in mind that data taken at a given place 
vary considerably from day to day. Оп this account, the sur- 
faces as well as the average curves shown represent only the out- 
standing characteristics to be expected, and this picture of trans- 
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mitting conditions for any given frequency holds only in a gen- 
eral way for that region of the radio-frequency spectrum speci- 
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Figure 12—Average Field Strength as a Function of Distance on 
Four Successive Days at 7 p. m. for 6.7 mc. 


fied. It does not distinguish between cast and west and north 
and south transmission. Оп some days 6.7 megacycles (45 m.) 
data resemble closely those depicted for 4.5 megacycles (66 m.), 
while on the other days they may be more like the 9.1 mega- 
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сусіев (33 m.) surfaces shown. Consequently, it is rather 
difficult to specify at just what wavelength and at what distance 
discontinuities, such as tbe night minimum shown in the third 
surface begin. Cosmic phenomena, such as observed about April 
15 of this year, seem to alter materially the whole aspect of 
short wave transmission as it also does transmission at 5,000 
meters. It is convenient to regard these surfaces as means of 
widely varying instantaneous states, which are changing even 
while observations are being taken. From this point of view 
fading is the direct result of the rapid transition from one state 
to another. 


DISCUSSION OF TRANSMISSION SURFACES 


As indicated above, a typical diurnal variation curve for 
2.7 megacycles (111 m.), is in general a periodic curve having a 
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Ficure 13—Average Field Strength as a Function of Distance on 
Four Successive Days at Midnight for 6.7 me. 


maximum at night and a minimum ir daylight. For points near 
the transmitter, the difference between day and night signals is 
less than at a distance and at no time does the signal sink below 
the arbitrary datum level of 1 microvolt per meter. At more 
remote points, say 500 miles, the signal is heard only during the 
night. The number of hours for good signals becomes less and 
less the greater the distance. Observations made in England indi- 
cate that the 2.7 megacycles (111 m.) signals are rarely heard 
when moderate amounts of power are used. This means that the 
top of the surface seldom appears above the assumed noise level. 
However, when the signal does appear, it usually takes place 
about midnight. The distance of 300 miles is of particular in- 
terest in that beyond this point signals would not ordinarily be 
heard throughout all the 24 hours. This distance probably 
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varles considerably from day to day, depending on influences 
not yet known 

The transmission surface for 4.5 megacycles (66 m.) resemble 
closely that for 2.7 megacycles (111 m.). However, on closer 
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examination it will be observed that the maximum night signals 
are somewhat stronger, and that, in general, these signals may be 
heard during more hours of each day. The night depression 
observed for this surface is much more pronounced than in the 
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The 6.7 megacyeles (45 m.) surface differs markedly from 
that for the longer waves. The slight depression observed in 
the 4.5 megaeveles (66 m.) surface at 200 miles and after mid- 
night has now developed into a pronounced bifurcation extending 
beyond the limits of the figure. The lowest point is probably 
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about 300 miles from the transmitter and, of course, is below 
the zero level. The maximum distance for noon signals has beer 
pushed out to perhaps about 700 miles. The width of this weak 
signal period appears to vary somewhat from night to mght. At 
one time tests were made on 5.7 megacycles (52 m.) to find out 
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whether the transmission on this frequency resembled the 4.5 


megacycles (66 m.) transmission more than that for 6.7 mega- 
cycles (45 m.). On this particular day the night opening in the 
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FIGURE 17—Idealized Transmission Surfaces, Variation of Field Strength with Time and Distance 


6.7 megacycles surface was unusually wide. А very definite but 
narrower one was observed at 5.7 megacycles, and the night sig- 
nals at 4.5 megacycles were found to be very unstable. 
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In passing from the 6.7 megacycles surface to that for 9.1 
megacycles (33 m.), one observes that the depressions mentioned 
above have become so pronounced that а short skip distance 
results where no signal is heard at any hour of the day, and the 
night opening is considerably widened. It is well to bear in mind 
that while, for practical purposes this skip distance is very real, 
it is only the result of the surface intersection evident at the 
longer wavelengths, taking place below the arbitrary zero level 
chosen. With improved receiving methods, this distance may 
be reduced somewhat. It will be observed that the maximum 
distance for noon signals has increased until it has passed on out 
beyond the 800-mile point. However, there are signs of the noon 
diminution of signals remaining. As indicated by the surface, 
signals are heard at all hours of the day at points near the trans- 
mitting station. 

The last surface in the figure shows what may be expected 
on the very high frequency of 18 megacycles (16 m.). It will be 
noted that the skip distance has been increased considerably and 
the time when signals may be heard has been reduced to a very 
few daylight hours. The time limits when signals were heard 
are known more definitely than the distance which the surface 
extends along the distance axis. 

Considering the several surfaces consecutively in the order 
of increasing wavelength or decreasing frequency, we observe a 
general continuity from one type to another. As we pass from 
18 megacycles (1616 m.) to 9.1 megacycles (33 m.), the daylight 
signal, evident only at distances of approximately 750 miles, 
increases in magnitude and covers a greater portion of the time 
and space domain. At 9.1 megacycles (33 m.) the signal becomes 
somewhat weaker about noon, but the surface continues to cover 
more and more of space and time. After the frequency has been 
decreased to 6.7 megacycles (45 m.), this area has extended back 
to the transmitter and covers practically all but a few of the 
night hours. During this time a noon signal depression has 
developed, so that at 800 miles there are two times each day 
when the signal is weak. Upon further decrease of frequency 
the night signal depression closes up and the maximum distance 
for noon signal reception recedes toward the transmitter as the 
whole surface sinks downward toward the arbitrary noise level 
of 1 microvolt per meter. 


INTELLIGIBILITY 
In determining the usefulness of short waves it was felt that 
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ORO A OLS жеге ae ty insure gere] Gaacty in the anoliving 
and привит ptoee-—. Ринго астагатая Was (сезгені. 
Whenever ресс е. away from: all wires, lines. or other otetrie- 
tions that would distort the Geld or intrii noise. The oteer- 
Vations were пезапу made at the same audio level. 

The intelkBIies thus measured were piotted along with 
other data. Sample (апу Curves are inetided in Figures 4. 5. and 
б. and average daily curves in Figures S. 9. and 10. 

At each location ail of the «зур Ы and night values were 
Separately averaged. Curves of average int-lligihilit у have been 
potted along with the епгуез for held strength in Figures 14, 
15. and 16. To a certain extent the intelligibility is dependent 
upon the signal strength. This is езрестайу the case with the 
apparatus used when the signal strength falls below 10 miero- 
volts per meter. due to the fact that at these low intensities the 
Песе--ату amplification brings in х Баер noise to inpair the 
intelligibility. On the other hand. as is readily seen from the 
curves for 6.7 megacveles (45 m.. poor intelligibility is often 
observed at field strengths w hich. under other circumstances. 
are ассоп:ратие by high Inteiiizibiitv. Under the conditions 
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of these tests rapid fading has been found to be the greatest 
element in reducing the intelligibility on short waves. 

On 6.7 megacycles, in the region of the skip distance depres- 
sion, the day average stavs up, while at night it drops, due to the 
greater fading, although the signal strengths are closely the same 
in the two cases. The fading on 4.5 megacycles is less than on 
6.7 megacycles, and the night intelligibilities (Figure 15) are 
correspondingly higher. At both these frequencies the weakness 
of signal began to affect the intelligibility at 1,000 miles. On 
2.7 megacycles at 500 miles and over, the low day intelligibility 
is due to the total absence of signal during a large part of the day. 


OVER-LAND VS. OVER-WATER TRANSMISSION 

On several occasions strong signals of the order of 1,000 
microvolts per meter have been observed at Long Beach, Long 
Island, which showed an extremely rapid falling off in intensity ' 
as the receiving station was moved inland in a direction away 
from the transmitter. The distanee from Deal to Long Beach 
is about 31 miles, of which about 3 miles is over land. At a point 
12 miles inland from Long Beach the signal strength had de- 
creased from 1,000 down to around 100. As indicated in [igure 
11, entirely over-water transmission should not produce such a 
rapid falling ой. This is corroborated by tbe observations shown 
in Figures 14, 15, and 16. for the 90-mile point where the path 
was mainly over water. Ц was suspected that, although signals 
received nearby were attenuated rapidly over land, there would 
he very little difference between over-water and over-land 
transmission to great distances if the signals travelled bv. an 
overhead path. 

Last December, therefore, tests were made for the purpose 
of comparing over-land vs. over-water transmission, Some of 
the data are plotted in Figures IS and 19. Phe curves in Figure 
18 are for over-water and over-lind stations, which ave а little 
over 200 miles from Deal. The average field strength curves 
by day and by night. for these places are similar both in shape 
and in value. They are closer than would be expected from any 
previous experimental results. fo Figure 19 similar curves are 
given for distances slightly over 700 miles. They show even less 
dissimilarity іп magnitude than the ones taken. around 200 
miles. The signals received at Bermuda and Columbus, Georgia, 
were most likely entirely of the overhead type. while the 2.7 
megacevceles (111 m.) wave at Nantucket probably contained 
some ground wave. 
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is very little difference between over-water and over-land trans- 
mission. 


TRANSMISSION AS А FUNCTION OF FREQUENCY 

Figures 20 and 21 give the average strength of the signals 
received at Quogue, 90 miles, and Detroit. 500 miles. as a func- 
tion of frequency. The difference between day and night sig- 
nals at Quogue is very small. The signal strengih decreases as 
the frequency is raised. There are many reasons for believing 
that the Quogue signals were largely of the ground wave type. 
The curves in Figures 18 and 19, referred to in connection with 
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over-land vs. over-water transmission, are plotted also as a func- 
tion of frequency. At distances of 200 miles there is no great 
variation in value of the day signal with frequency. The night 
signals appear to show a falling-off at the higher frequencies, the 
signals being actually weaker during the night than during the 
day. At the greater distances, such as at Bermuda and Columbus, 
the day signal increases with frequency. In this particular case, 


ELECTRICAL FIELD STRENGTH 


INTELLIGIBILIT Y 


OVER WATER (BERMUDA- 765) 
------ OVER LAND (COLUMBUSGA. 
725m) 


Figure 19—Comparison of Over-land and Over-water Transmission. 
Field Strength and Intelligibility are Shown of Frequency for Dis- 
tances of Approximately 700 miles 


the day signals reach the same value as the night signals at about 
10 megacycles (30 m.). At Detroit, slightly over 500 miles, 
Figure 21, the same characteristics appear as at Bermuda and 
Columbus, but the day and night signals in this case would be 
of equal value at а point just above 7.5 megacycles (40 m.). 


Міснт AND Day EFFECTS 


Inspection of Figures 18, 19 and 21, shows that at some fre- 
quency the curves for signal strength at night will cross those 
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for the daytime and that the value at which they cross is con- 
nected with the distance. Inspection «f the diurnal curves 
< that in some locations on sene i= uencies the day signal 


show ee 
is stronger than the night signs’ ->s contrary to experience 


at lower frequencies, where 167727 transmission is obtained at 
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Emporium, Pennsylvania, and Fairfax, Virginia, all located 
approximately 220 miles from the transmitting station, a change 
occurs, and from 6.7 megacycles (45 m.) to the higher frequencies 
the day transmission is better. At other locations still further 
away, there are indications that for each distance а frequency 
will also be found which will give better signals by day than by 
night. This checks with the present theory of short wave trans- 


- COLUMBUS-725 - DEC 
x- DETROIT - 515 — OCT. 


NIGHT STRONGER 


FicvunE 22— Ratio of ers Night to Average Day Signals as a 
Function of Frequency 


mission in that the overhead wave returns to earth at greater and 
greater distances as the frequency is increased. 

On this same sheet are plotted two semi-empirical long wave 
curves for distances corresponding to Nantucket and Bermuda. 
The values for day transmission were assumed as those given 
by the Austin-Cohen formula. The values for night transmis- 
sion were assumed as being inverse law values without any 
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absorption. This second assumption makes the ordinates of the 
curve larger than their actual values should be. The two over- 
water curves, which were secured at Bermuda and Nantucket, 
when extrapolated backwards, intersect these curves in the 
neighborhood of 1.5 megacycles (200 m.). The maximum 
advantage of night over day transmission should occur around 
this value and the change in sign of the slope in passing the 
intersecting point would indicate that some unusual phenomena 
occur there. It may be more than a coincidence that this point 
is near the critical frequency, which Nichois and Schelleng 
pointed out as due to the motion of free electrons in the earth’s 
magnetic field. 


FADING AND QUALITY 


All rates of fading have been observed from zero to probably 
100 per second. Records were taken, both with an oscillograph 
and with signal strength recorders. Most fading is relatively 
slow; also, it is more prevalent at night. At any given location 
frequencies very close together do not fade simultaneously. 
The types of fading may be the same, but there is no connection 
between their maximum or minimum values. Figures 23 and 24 
are copies of our fading records, made with the recorder at Col- 
umbus, Georgia, and Hamilton, Bermuda, between 4:05 p. m. and 
8:45 p. m., December 15, 1925. Comparison of these records 
shows that at times the types of fading at the two locations are 
the same and at other times they are different. A survey of all 
our records at locations for which we have simultaneous 
observations, shows that there is a slight tendency towards 
similar types of fading occurring at two locations. As à 
rule the fading on the longer waves is less than on the shorter, 
although there are cases where the fading on the shorter waves 
is small. 

The observed fading might be classed as first, uniform or 
svnehronous (where carrier and side band fade together), and 
second, asynchronous (where the frequencies do not fade to- 
wether. “Phe former is easily compensated for by a gain control 
adjustment while the latter is not. Азупергопочз* fading is 
most troublesome at the moment the carrier is reduced to the 
magnitude of the side bands or lower. When the carrier drops 
to such a value, the distortion of the signal becomes so great that 
a word may be lost. When in addition, fading is rapid, that is, 


*This type of fading is discussed by Pown, Martin and Potter in the 
1 R. E. Proceedings for February, 1920. 
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several times a second, speech may be practically unintel- 
ligible. 

When the fading is asynchronous, the quality may vary over 
a wide range. Some preliminary experiments indicate that single 
side band reception gives noticeably higher intelligibility and 
quality than ordinary double side band carrier reception under 
asynchronous fading conditions. 


NOISE 
There was very little trouble due to strays, although the 
. measuring equipment had been made more sensitive than it was 
expected such strays would allow. Actual limit for the reception 
of signals was fixed by set noise. 


TRANSMISSION FROM HORIZONTAL ANTENNAS 


In the tests which have been described vertical antennas 
were employed at the transmitting station. In addition to these, 
however, tests in which a horizontal radiating conductor was 
used have been made at certain wavelengths. This form of 
radiator was originally provided for use in special experiments 
in which the usual “ground wave" is eliminated. А horizontal 
current above a plane perfectly conducting earth radiates scarcely 
anything in a horizontal direction, due to the fact that the effect 
of the image is equal and opposite to that of the antenna itself. 
Imperfect conductivity in the carth will, of course, increase the 
amount radiated horizontally, but there are good reasons for 
expecting that this will be quickly absorbed. The second reason 
for the use of a horizontal radiator lay in the possibility of its 
affording a more efficient antenna than the vertical type under 
certain conditions. It is the purpose of the present paper to 


. . discuss only the transmission features of this type of antenna and 


not its design. 

It was soon found that there are times when the signal from 
the horizontal antenna is actually greater than that from the 
vertical antenna, the currents in both being equal. The fact that 
any signal is received at all at a point on the earth's surface at 
right angles to the antenna seems to be direct proof that there is, 
somewhere above the surface of the earth, a deflecting layer which 
is able to bend a wave, originally proceeding upward, so that 
it will return to the earth. 

In Figure 25 are shown three pairs of records taken at Albert- 
son and Quogue, Long Island, on a vertical loop or antenna at 
a frequency of 4.5 megacycles (66 m.). These are typical of 
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what is observed at receivers which lie within the range of the 
ground wave. Records of both horizontal and vertical transmis- 
sion are given so that a comparison may be made of the manner 
in which the signals fade in the two cases. The pair for 9:00 a. m., 
September 11 (Albertson), show that it is possible for the signa! 
received from the vertical antenna to be constant at the same 
time that violent fading is obtained in that from the horizontal 
antenna. In this case the signal from the horizontal type changes 
from a value which is greater than that from the vertical to one 
which is less within three minutes. Іп the pair for 5:00 p. m., 
September 12 (Albertson), the maximum amplitude from the 
horizontal exceeds the maximum from the vertical by 19 T. U., 
or nearly ten times. Fading is also observed from the vertical 
antenna. At 1:00 p. m. on September 11 (Quogue), the signal 
from the vertical antenna was considerably lower in intensity 
than that from the vertical, and faded rapidly. 

This difference in the character of signals from two types of 
antennas clearly shows that the signal is made up of components 
which are traveling along different paths. This evidence is 
obtained only when the receiver is not so distant that the ground 
wave is eliminated. For distant points, as will be shown later, 
these differences are not found and evidence for more than one 
path must be sought by other methods. Records have been 
taken at distant points but are not shown. 

It is of interest to notice the differences which are found be- 
tween these two types of radiators with respect to the shape of 
the curves which show diurnal variation. Such a comparison 
is made in Figure 26, which shows curves taken at various dis- 
tances. At Long Beach, Albertson and Quogue, all less than 100 
miles (161 km.) from the transmitter, the signal received from 
the vertical antenna is nearly constant throughout the whole 
24 hours, indicating that the ground wave predominates. How- 
ever, there are variations in average signal of approximately 
20 T. U. (10:1), when the horizontal antenna is used. This is 
further evidence that the wave travels along two or more differ- 
ent paths. At Nantucket, а distance of 230 miles (380 km.), 
the signal from the vertical antenna varies considerably through- 
out the day. The shape of the curve from the vertical antenna 
resembles that from the horizontal antenna, although the varia- 
tions in the latter are the greater. In each of these curves there 
is a minimum occurring a few hours before dawn, and also one 
shortly after noon. 

The same shape of curve is thus characteristic of the signal 
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received from the vertical antenna at moderate distances and 
that from the horizontal antenna at a nearby point. It is of in- 
terest to notice that at the more distant locations, Detroit and 
Minneapolis, the differences between signals from the two an- 
tennas disappear. This is evidence that the wave follows the 
same path to distant points regardless of the form of the trans- 
mitting antenna, and henee of its initial state of polarization. 
Since the radiation from the horizontal antenna must be prim- 
arily at an elevated angle, this indicates that the only signal from 
the vertical antenna that ultimately arrives at a distant point is 
that which is emitted at an angle above the horizontal. 

One characteristic of these curves is that under the con- 
ditions of this experiment, the horizontal antenna 18 superior 
to the vertical at distances up to 100 or 200 miles in the early 
evening. On the other hand, the vertical antenna is more effective 
at noon and a few hours before sunrise. 


Disctssion оғ Rescirs 

It is not our purpose in the present paper to discuss in great 
detail the theoretical aspects of the short wave problem. It will 
be well, however, to note some of the more пирог ап points 
of contact between the quantitative results presented and certain 
theoretical ideas. Broadly speaking, most of the typieai short 
wave characteristics тау be interpreted in terms of the Eccles- 
Larmor theory of ionic refraction. The magneto-ionic, theory 
із also of use in explaining phenomena at the upper boundary 
of the short wave region, and the work of Sommerfeld сап be 
applied at distances for which the ground wave is of importance. 

In considering transmission of the overhead wave, two some- 
what related phenomena must be taken into account. Опе of 
these is absorption; the other is refraction. With respect to the 
former we may in most cases neglect that which is due to the 
ground, It is true, however, that the nature of the earth is of 
importance, both in transmission to nearby points and in cases 
of multiple “reflection.” In other eases, when the signal fails 
it is interpreted as due either. to absorption in the upper 
atmosphere, or to the absence of the proper ionization to pro- 
duce the necessary bending of the wave. 

Absorption is probably the esuse of the daylight minimum, 
commonly found at frequencies below 7.5 megacyeles (40 m.) 
and at such distanees from the transmitter that the overhead 
wave dominates, It is possible that such absorption may play 
a part in producing the skip depression of the surfaces at nearby 
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points, ns suggested by E. V. Appleton, but we do not believe 
that И ia the most important reason. The other explanation 
of the ship phenomenon assumes with Eccles (Electrician, vol. 
(1, 1913, pp. 969-070), that with increasing height the ionization 
Increases, approaching a maximum value. Eccles showed that, 
under certain conditions, the index of refraction becomes zero 
ан that this results in very abrupt bending, almost equivalent 
to reflection even with nearly normal incidence. (Elect. vol. 69, 
1015.) Пе calculated trajectories for several assumed distribu- 
tions of ionization and indicated that, with certain assumptions 
regarding the variations of refractive index, caustics and foci 
are found. The recent work of Hulburt has led to much more 
definite agreement between the theory and experimental results. 

Reference has been made to the mass of qualitative evidence 
which has accumulated, indicating the existence of a skip effect. 
The quantitative data of the present paper confirms this posi- 
tion. As the frequency is increased the skip distance increases, 
appearing at first during the early hours of morning when recom- 
bination has reduced ionization below the value required for 
transmission. Ав the frequency increases the time during which 
the skip effect occurs increases, as should beexpected from theory. 
In addition, the high degree of ionization which obtains during 
the day, becomes less harmful to the signal, a result predicted 
by the theory, which indicates that under similar conditions the 
absorption constant should be inversely proportional to the 
square of the frequency. Thus the signal is weakened during 
the night, but encounters better conditions during the day, а 
reversal of the trend at long wavelengths. At a distance of 
$00 miles, the frequency of 18 megaeveles is so high that the 
noon-time ionization is just barely sufficient to produce the 
necessary bending. A small increase of frequency will probably 
eause the signal not to be heard at all during the 24 hours. This 
agrees roughly with the data of Taylor and Hulburt. 

It is of interest to observe that the data checks the experi- 
ments of Taylor in the neighborhood of 4.5 megacycles, where 
the pronounced skip effect begins to take place, but there are 
some traces of the effect at even lower frequencies. It may be 
added that to а certain extent the skip depression is the result 
of the fact that the wave reaching the observing point is weak, 
regardless of which path it follows. If it travels over the ground 
path it will be greatly attenuated by absorption. If it follows 
the overhead path, the inefficiency of radiation of the vertical 
antenna at the high angle at which it must leave will make it 
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weak at the start. This effect, however, does not affect the 
results materially except perhaps at nearby points. 

The frequency which can best be used for a particular service 
is а function of distance and time of day. The results of the 
present study indicate that for telephonic communication to 
distances of 200 miles, frequencies of 3 megacycles or less are the 
most useful of the short wavelength range, while distances of 
500 miles call for about 6 megacycles. These frequencies will in 
general provide 24-hour service оп а single wavelength. Соп- 
tinuous contact with stations at much greater distances in gen- 
eral requires a shifting of frequencies. Thus, for distances of 
1,000 miles, frequencies of the order of 10 megacycles are of use 
during the day, while lower frequencies become preferable dur- 
ing the night and in fact are necessary at times. 

For transatlantic communications the 3 megacycles wave is 
not of much use for telephony even at night when the radiated 
power is a few kilowatts. The reservation should be made, how- 
ever, that this statement may not be correct when the single 
sideband transmission or directive radiation or reception is 
employed. It may be added that on those occasions when the 
signal has been strong at this frequency, the quality has usually 
been superior to that on the higher frequencies. During the day, 
frequencies of the order of 15 megacycles appear to be useful, 
although the indications are that 24-hour service will require a 
frequent shift of wavelength. 

Credit for many valuable suggestions must be given the late 
Dr. H. W. Nichols, under whose direction this work was begun 
and largely carried out, and to Mr. J. F. Farrington, who made 
our early experiments and developed most of the present meas- 
uring equipment. It is evident from the scope of this work that 
the writers are acting as spokesmen for the group of engineers 
whose able and untiring participation in these experiments have 
made them possible. 


SUMMARY: Quantitative data on field strength and telephonic intel- 
ligibility are given for transmission at frequencies between 2.7 mega- 
cycles (111 m.) and 18 megacycles (16 m.), and for distances up to 1,000 
miles with some data at 3,400 miles. The data are presented in the form of 
curves and surfaces, the variables being time of day, frequency and distance. 
Comparisons are made between transmission over land and over water, 
between night effects and day effects, and between transmission from hori- 
zontal and from vertical antennas. Fading, speech quality and noise are dis- 
cussed. The results are briefly interpreted in terms of current short wave 
theories. 
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THEORY OF DETECTION IN А HIGH VACUUM 
THERMIONIC TUBE* 


Br 
Тлоухр P. SMITH 


Some phases of the subject of detector action have been more 
or less vaguely understood in the past, due in part to the fact that 
the detector, as such, worked fairly well and all attention was 
turned to the amplification of the detected signal and to repro- 
duction by means of the loud speaker. Amplifiers and loud 
speakers have been developed which reproduce the detected 
signal very accurately and so attention has been again centered 
around the detector. One common method of detection is by 
use of the high vacuum triode with the so-called grid leak and 
condenser, commonly called grid rectification. It is the mechanics 
of this method that will be discussed in this paper. 


EFFECT PRODUCED BY ALTERNATING Е.М.Е. ом THE GRID 


In grid rectification the grid current-grid voltage characteristic 
of the tube is used. Three of these characteristic curves are 
shown in Figure 1, taken at plate voltages of 45, 90 and 135 
volts. The reason that the grid current decreases when the plate 
potential is increased, with a constant grid potential, is that the 
electrons are given a higher velocity toward the plate and are not 
deflected from their path so easily with given grid potential and 
therefore fewer electrons strike the grid, and the grid current is 
consequently smaller. 

Now let us investigate what takes place when the potential 
of the grid is varied. Suppose, for analysis, that we take a static 
characteristic as shown in Figure 2 and fix the grid potential at 
a value corresponding to the point а. If we impress an alternating 
e.m.f. on the grid of instantaneous magnitude e, and а maximum 
E, the grid potential will oscillate about the point а, an equal 
amount on either side, parallel to the voltage axis. Because of 
the shape of the characteristic the grid current will not oscillate 
symmetrically about the steady or continuous current 7c but will 
be distorted somewhat and displaced above the steady current 
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line Je. It is evident then that the average grid current will be 
increased by an amount А7... Since the potential a, impressed 
on the grid remains constant and the average grid current in- 
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FIGURE 1 


creases, а point b will be determined on а new or dynamic curve 
shown by the dotted curve. From this reasoning it would appear 
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that such а dynamic curve would deviate from the static curve 
in the part where it had curvature—:.e., where rectification took 
place—and approach the static characteristic where the curvature 
became inappreciable. 

To verify this theory a static characteristic was taken on a 
UX 201-A tube with a constant plate potential of 45 volts and a 
filament potential of 5 volts. The range of grid potential covered 
was from 0 to - 1.75 volts. Then with the same conditions two 
dynamic curves were taken, one with 100 millivolts and the other 
with 200 millivolts of approximately one million cycles radio fre- 
quency impressed on the grid. The results of these experiments 
are shown by the curves of Figure 3, together with additional 
dynamic curves corresponding to greater signal amplitude. Аз 
can readily be seen, the dynamic characteristics do depart from 
the static characteristic throughout the curved portion, and 
verify the preceding theory. From the spacing of these curves 
it is at once evident that the increase in current does not vary 
directly with the magnitude of the impressed radio frequency 
voltage. 
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FIGURE 3 


It will be interesting at this time to investigate the relation 
existing between the increase in grid current and the magnitude 
of the radio frequency e.m.f., since for the static case the grid 
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current Te is a function of the grid potential Ес, which will ne 
be specified but will be represented as follows: 

i =f E ] 

The instantaneous increase in grid current due to an Itan- 

taneous potential e on the grid is denoted by т and the total grid 

current at anv instant is 
I.--fE +e) ә 


Expanding this by Taylor's theorem gives 


/ * " e? ” ; 3 2 p! 
Ii e FOL) м, (gy 


(3) 
Differentiating expression (1) 
, al 
(Е. = : 
) | ) “Ес 
| I! = 421; 
f (Ес) р 


and substituting these relations in (3) gives 


dl, е? ЭГ e? СЕ а 
(22! /dE23! dEG34! "77 
But from equation 1, 1с-/ ХЕ). Therefore the increase in grid 
current i, is approximately as follows, using only the first four 
terms of the series 
2 ,? 3 743 | 44 
eant peeled, g 
dE. 2!'4Ес? ЗаЕз аяк 
Since e is a function of time and in this case assumed to be à 
simple sine function 


' 


| dI. 
Ibi T fU) e (1) 


e — E sin wt 


The average change, Alc, of grid current. will be Láz times 
the integral of the right hand member of equation (5) from 0 to 27. 
"ubstituting the value of e in (5) and integrating, expression 5 


hecomes 
del’ е АШ ie 
ў if E sin wt dt=o (6) 
о 


dE.2z 
Integrating the second term gives 


"M. C. Carson and J. H. Moreeroft have given. somewhat similar mathe- 
пабе treatments, but without any relation to dynamic characteristics, and 
I therefore was thought necessary to carry out a mathematical development 
with this purpose in view, | | 
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dIe 1 а E: | 

deno ament саш: (7) 
Integration of the third term gives 
з, uM 

К ( 3! "In*wt dl = о (8) 


Integration of the fourth term gives 
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Adding (7) and (9) we obtain a very close approximation for 
the average increase in grid current, thus 


рә E Еа, 

xx d? [с i 64d Ee? (10) 

From (10) it is seen that the average rectified current varies 

as the square and fourth power of the maximum input voltage. 

This is a fault inherent in rectification by curved characteristics 

and leads to distortion. Since the value of Е in equation (10) is 

always small—usually very much smaller than 1—it is evident 

that the second term of equation (10) will be very small compared 

to the first and can be disregarded in all practical considerations. 
Therefore 


Е? 4°], 
Меже | 1 
| 4 dE? (11) 
where the impressed voltage is a sine wave. 


EFFECT OF А MopvrLATED Е.М.Е. ох THE GRID 


Now let us extend this discussion to the case where a modu- 
lated wave is impressed on the grid. The instantaneous voltage 
of the ordinary modulated wave can be expressed mathematically 
as follows: | 

e — E cos pt (1+ К cos qt) (12) 


where E cos pt represents а wave of radio or carrier wave fre- 
quency and EK cosqt is a wave of audio frequency. A is the ratio 
of the amplitude of audio frequency to that of the radio frequency 
and is a measure of the per cent modulation. When К =1, the 
amplitudes of the audio and radio frequency are equal and the 
resulting wave is said to be 100 per cent or completely modulated. 

It is interesting to note what the instantaneous valuc of the 
increase in grid current, To is, with a modulated wave of the form 
shown in equation (12). Substituting the value of e from equa- 
tion (12) in equation (5), we have 
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ly bee In pt(14-K cost)! 
d El 
d? I. ( E? 
T E2\2! 
Phe remaining terms in equation (5) will be omitted, since they 
are very small and can be disregarded. 

The tirst term in (13) does not contain a pure audio frequency 
term and will not be considered, as we are interested in the 
reetitied audio component only. It will not give an increase in 
the average grid current. 

The second term of (13) contains a direct. current component 
as well as audio frequeney components, which will be seen by 
expanding the second term as follows: 

Арт p ((14- K cos pt) | - 
CI а руе рі+2 К cos? pt соз ді 
d Ez 21| +A? cos? pt cos? qt | 


(13) 


cos? pt(1+K cosq n 


(14) 


Expanding further we have 


E: i ,Cc052pI-EKceosqt-K cos 2 pt cos qt- 


1 
2 
Чо, R: с К? 
DONT UNS. К? 
e 4- 4 cos 2 q t+ cos 2 ИТ cos 2 рі oos 291 


(15) 


In this expression we are interested only in the direct current 
components and the audio frequency components, so we will dis- 
regard the radio frequency terms and those which represent the 
side band frequencies. The resulting expression for the direct 
current and audio components of grid current is 


2 e 70 ә 
2 Й [EE сох 4 e^ cos Зае+.... РЕ (16) 
This equation gives a close approximation to the instantaneous 
increase in grid current. An analysis of this expression shows 
several interesting points —for instance, the first group of terms 
represents the direct current component of the increase in grid 
eurrent; the second. term, А cos qt, is the most important term 
for this is the change of grid current corresponding to the audio 
frequency impressed on the grid in the modulated wave. This 


| | | К? 
term will be discussed in detail later. The third term, — cos 21, 


represents the second harmonie of the audio frequency. This 
term is worthy of note, since И 100 per cent modulation is used 
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К =1 and the detected audio note will contain 25 per cent second 
harmonic. 

Let us now consider what the relation is between the results 
derived above and the change in the dynamic characteristic of 
the tube. The average increase in grid current for the pure sine 
wave is given by equation (11). By inspection of the expression it 
is at once evident that the increase in average grid current varies 
as the square of the impressed voltage, and this accounts for the 
increase in spacing between the dynamic characteristics shown 
in Figure 3. The effect of а modulated wave, of the form ex- 
pressed in equation (12), on the tube characteristic is somewhat 
more coníplex. The average increase in the grid current will be 
given by integrating the right hand member of equation 15 over 
a long period of time. If this is done all of the cosine terms 
become zero and the average increase in grid current AJ. (modu- 
lated) becomes that corresponding to the first terms of equation 


(16), e.g. 
4 Е? Е? К? | 4? I. 

в B t-g | E; (17) 
Now for the moment let us forget the cosine terms in equation 
16, since they do not affect the average value of the grid current, 
and draw a characteristic of the tube in which the total grid 
current will be Je+AZ.e. This is shown in Figure 4. It is clear 
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that the instantaneous value of the change in grid current, ip 
will oscillate about the average value of grid current, J-+Ale. 
Suppose we impress a modulated wave on the grid with a definite 
grid potential a. The grid current will be increased by Ale, 


y 7, 
and therefore will increase from the point a to be when qt = 9 In 
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equation (16). When qt increases to Я equation (16) becomes 


[8 КЕ кю КЕЛІ. qu 
4014 8 2 8 jd EZ 

Now when the wave is 100 per cent modulated К — 1, the right 

hand member of 18 reduces to zero and the grid current corre- 

sponds to the static value of Ic. Therefore between the values 

л 

of qt equals „and z the grid current decreases from b to a (Figure 

4). Likewise when qt 227 the right hand member of (18) becomes 
481 Р = 

р: | a when А =1 and the grid current is increased from a to с. 
d fhe? 

From this it is seen that the current varies periodically about the 

point b, between the static and dynamic characteristic through 

the point с. This is the phenomenon which takes place in the 

tube when a modulated wave is impressed on the grid without 

grid leak and condenser. There is obviously no change in the 

grid potential at ап audio frequeney, only an audio frequency 

change in grid current, so there could be no change in plate current 

and therefore no detection. 


FUNCTION оғ GRID LEAK AND CONDENSER 


In the case of detection with a grid leak and condenser the 
plate current decreases when the signal is impressed on the grid, 
and this occurs by а decrease in the grid potential. Referring 
to Figure 5, which is the ordinary grid lead and condenser circuit 
с 


tft) А, GRID 


Ш 


FIGURE 5 


used with a high vacuum tube, it is evident that any increase in 
the direet current flowing to the grid must pass through the grid 
leak, №, which is a high resistance of about 1 to 10 megohms. In 
this circuit is an arrangement for varying the potential of the 
grid which makes it possible to operate the tube on any part of 
its characteristic—in other words, to vary the position of the 
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point a (Figure 4). The current passing through the grid leak 
R {ог any voltage V can be represented by the straight line fg 
(Figure 4) so that the intercept on the voltage axis corresponds to 
the value V and the slope 1/R. This assumes, of course, that the 
resistance of the leak remains constant. Now suppose V is 
adjusted so that the line fg intersects the static characteristic at 
the point a. The intersection of the grid leak line and the static 
characteristic determines the initial value of the grid potential. 

Then if а sine wave of radio frequency is impressed on the 
grid, such that it will produce an increase in grid current from 
a to b, this increase in average grid current must flow through 
the grid leak, causing an increased voltage drop across the leak, 
and therefore must follow along the grid leak line. The point of 
equilibrium will be at the point where the grid leak line fg and the 
dynamic characteristic through the point b intersect. This will 
decrease the grid potential from a’ to b' and thus cause a drop in 
plate current. It is assumed that all of the radio frequency passes 
through the condenser as its reactance to high frequency is small 
compared to the large value of R. This explains why grid leak 
and condenser detection takes place with a decrease in plate 
current. | | 

If а modulated wave be impressed on the circuit of Figure 5, 
such that the increase in average grid current is Ac and the value 
of gt in equation (16) is equal to 7/2, the grid current will come 
to the equilibrium point as before where the line fg intersects 
the dynamic characteristic through b. It was shown before that 
the grid current varied at an audio frequeney made up of the 
fundamental and second harmonic, as shown in equation (16). 
Now since the capacity of the grid condenser C is very small— 
about .00025 microfarads—it offers a relatively high reactance 
to the audio frequency and it will be assumed for the present 
that all of the audio frequency passes through the grid leak. 
This varying current therefore must follow along the grid leak 
line fg at audio frequency. If the wave is 100 per cent modulated, 
К = 1 and the limiting movement for one complete cycle of audio 
frequency is the intersection of the grid leak line fg with the 
static characteristic on one hand and its intersection with the 
dynamic characteristic through c. It is then clear that the 
potential of the grid must vary harmonically at audio frequency 
between the points a' and c'. It is this variation in grid potential 
that produces а corresponding change in plate current. 

By inspection of Figure 4 it is evident that the greatest 
change in grid potential will take place when the grid leak line 
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approaches а horizontal position—4.e., the value of R is increased 
and at the same time it must pass through the tube character- 
istics where they are the greatest distance apart. Thus a high 
value of grid leak can be used provided V is increased to a value 
such that the line will pass through the characteristics at the 
point where they are spaced farthest apart. Likewise for smaller 
values of В the slope of the line fg will be increased and V will 
have to be adjusted as before. А grid leak line corresponding 
to 1.5 megohms is fairly flat and very little is gained by increas- 
ing the grid leak resistance above this value excepting that it 
brings the line through the correct part of the characteristics 
when the value of V is fixed—e.g., when the grid is returned to 
the positive side of the filament. 

Experiments were made in which a radio frequency of ap- 
proximately one million cycles per second was modulated 100 
per cent by an audio frequency of 500 cycles per second. The 
circuit used was so arranged that the grid bias could be adjusted 
and the output of a tube could be measured for definite values of 
input voltage impressed on the grid. With this arrangement 
various values of grid leak were tried—from l4 megohm to 10 
megohms—and the potential of the grid was readjusted to give 
maximum output. In every case this was found to agree witha 
value determined by the slope of the grid leak line and the portion 
of the characteristics where the spacing was greatest—all of 
which shows that the grid potential should be adjusted to the 
point where the rate of change of slope of the grid characteristic 
is à maximum; e.g., ТЕ? = maximum. 

It is now necessary to make а modification of the change in 
grid potential due to the movement along the grid leak line to 
take into account the effect of the grid condenser. At very low 
frequencies the above explanation holds, but for high audio 
frequencies and their harmonics a considerable part of the audio 
frequency current passes through the condenser. In order to 
see the combined effect of the capacitance and resistance it will 
be best to investigate what happens in the case of a pure re- 
actance alone. И we have а circuit with а pure reactance the 
combined effect of the current and voltage will be an ellipse as 
shown in Figure 6. If the capacity is reduced the effect is to 
make the ellipse more slender and vice versa. If а resistance is 
put in parallel with the condenser, the result will be to shift the 
ellipse with reference to the current and voltage axes. Figure 7 
shows an ellipse due to capacity and a straight line due to a pure 
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resistance. To find the resultant path when a resistance and 
capacity are in parallel it is only necessary to add the currents, 
the voltage across them remaining constant. The resultant 
figure is shown in Figure 7. It should be pointed out that the 
resistance line does not coincide with the major axis of the 
resultant ellipse. 

The case shown in Figure 7 is analagous to what happens in 
the grid leak and condenser. To determine the part played by 
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the condenser in conjunction with the tube characteristics we 
will refer to Figure 8, in which a section of the dynamic charac- 
teristic is shown on a large scale. In this case the ellipse due to 
the grid leak and condenser must remain tangent to the dynamic 
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characteristic. Furthermore this ellipse is determined by the 
audio frequency change in the grid current, and it should be 
noted that it can not be a true ellipse because of the harmonics 
in the grid current. In this case the maximum change in grid 
potential is given by drawing lines a a’ and b b’ perpendieular to 
the voltage axis and tangent to the ellipse. This change is then 
ab. 
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It is evident that the ideal case would be to decrease the 
capacity and therefore make the ellipse approach the straight 
resistance line. In the practical case this is impossible because 
if the capacity is reduced the reactance to radio frequency is 
increased and the actual radio frequency voltage on the grid is 
very much reduced. Ш the capacity is increased or the audio 
frequency increased the effect is the same; the ellipse becomes 
broader or elongated in the vertical direction as shown in Figure 8 
by the dotted ellipse, and the change in potential of the grid 
through one cycle of audio frequency is smaller than for a low 
capacity or low audio frequencies. This was verified by putting а 
variable condenser in parallel with the grid leak and the capacity 
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was varied from 50 to 500 micromicrofarads. It was found that 
the detector output increased rapidly until a capacity of 250 
micromicrofarads was reached, then decreased less rapidly for 
large capacities. The reason for the small output at low ca- 
pacities is the fact that the reactance to radio frequency causes 
a large drop in voltage across the condenser and the amplitude 
actually {mpressed on the grid is very small. After the 250 
micromicrofarad capacity is reached the drop in output is due 
to the shifting of the ellipse as shown in Figure 8. There is also 
another capacity effect which causes a decrease in radio fre- 
quency voltage on the grid, and that is the interelectrode ca- 
pacity of the tube. This produces somewhat the same effect as 
the grid condenser, but is much smaller. Thus it is seen that the 
grid leak and condenser method of detection produces frequency 
distortion. 

From the preceding discussion it is evident that if the grid 
could be held at the correct initial potential good detector action 
could take place due to the capacity alone, since the capacity 
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alone gives an ellipse whose axes are parallel to the coordinate 
axes. In order to verify this а high inductance was placed in the 
circuit in place of the grid leak. The inductance was such as to 
offer a reactance of about 6 or 7 megohms to an audio frequency 
of 500 cycles, and at the same time the resistance to direct current 
was relatively very small. If plotted this would give a grid leak 
line very close to perpendicular to the voltage axis, so the effect 
of resistance could be neglected. The potential of the grid was 
adjusted by varying the grid bias so that the tube was operating 
on the correct part of the characteristic. This condition ap- 
proached that of а pure reactance circuit and it was found that 
the output of the tube was slightly greater than for the case of а 
grid leak, with the proper bias. 

From the foregoing it is quite evident that the amplitude of 
the detected signal will vary as а function of the frequency of 
modulation. Thus for high frequencies the effect is the same as 
increasing the capacity and thereby decreasing the amplitude of 
the audio change in grid potential—in other words, the output 
will be decreased. 

To determine whether a change in plate potential produced 
an appreciable effect on the dynamic and static characteristics 
of the tube three grid current-grid voltage curves were taken at 
values of plate voltage of 50, 45 and 40 volts. These curves are 
shown in Figure 9. They are quite close together with a 5-volt 
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difference in plate potential and since the variation in plate 
potential is always very much smaller than this the effect can be 
disregarded as far as the preceding analysis is concerned. 

The actual plate current produced by the variation in grid 
potential can be calculated but will be omitted here since it is 
not the purpose of this paper to enter into calculations of the plate 
circuit. 

In conclusion the writer wishes to thank Mr. J. C. Warner 
and Mr. A. V. Loughren for their helpful suggestions in the 
preparation of this paper. 


SUMMARY: In this paper some new ideas have been presented regarding 
tion by means of the high vacuum tube in connection with а grid leak and 
condenser with a grid leak and condenser, which show the function of the grid 
leak and condenser as well as their proper values for best detection. It has 
been shown that three main sources of distortion exist with this method of 
detection. They. may be briefly stated as follows: Two sources from the 
curvature of the grid characteristic—one of which is frequently distortion due 
to the harmonics produced, and the other an amplitude distortion arising 
from the fact that the rectified grid current does not vary linearly with the 
input voltage. The remaining distortion is produced by the grid leak and 
condenser. 


LONG DISTANCE RADIO RECEIVING MEASURE- 
MENTS AND ATMOSPHERIC DISTURBANCES AT 
THE BUREAU OF STANDARDS IN 1925* 


Ву 
L. W. AUSTIN 


(Laboratory for Special Radio Transmission Research conducted jointly by 
the Bureau of Standards and the American Section of the International Umion 
of Scientific Radio Telegraphy) 

The following is a resume of the measurements made by the 
Bureau of Standards on long wave, long distance signal inten- 
sities and atmospheric disturbances during 1925, with the 
addition of some comparisons of the field intensities and dis- 
turbances from 1922 to the present time. 

The method of measurement is the same as has been used in 
former years, except in the case of reception through distur- 
bances considerably stronger than the signals which, as is well 
known, tend to reduce the apparent signal strength. The neces- 
sary correction under these circumstances is now determined for 
each individual case by observing an artificial signal of the same 
apparent strength as the signal being measured both with and 
without the disturbances. In this determination the artificial 
signal is introduced directly into the secondary of the receiver 
(not through the antenna) from a loosely coupled radio frequency 
generator. 

In the first case, the antenna is coupled normally so that the 
disturbances are received with the artificial signal, then the 
antenna is replaced by an artificial antenna with exactly the 
same constants and coupling to the secondary so that the beat 
note remains unchanged in shifting from one to the other. A 
simpler method of correction described in the report for 1924 
did not prove entirely satisfactory under all circumstances on 
account of variations in the character of the disturbances. 

In April 1925, Dr. Dellinger, Chairman of the Committee on 
Measurements and Standards of the American Section of the 
О. В. В. L, requested the Radio Corporation of America and 
the Bell Laboratories to bring long-wave field intensity measur- 


*Received by the Editor, June 29. 1926, 
Published by permission of the Director of the National Bureau of Stand- 
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ing apparatus to Washington for comparison with the apparatus 
used at the Bureau of Standards. The methods used by the two 
companies were alike in employing а radio-frequency com- 
parison in which the signal being measured is matched by an 
artificial signal of adjustable intensity, produced bya local radio- 
frequency generator. 

In the Bell Laboratories system! the current for the local 
signal is first measured and then attenuated in a resistance net- 
work and introduced into the coil antenna at its middle point 
across a l-ohm resistance; while the Radio Corporation? regu- 
lates the intensity of the local signal and introduces it by means 
of a calibrated mutual inductance. The Radio Corporation 
method is of especial interest since it is identical in principle 
with the methods commonly used for radio field intensity meas- 
urement in England, France and Germany. At the Bureau of 
Standards, long-wave field intensities are measured with the 
telephone comparator? in which a known audio-frequency signal 
is matched against the signal as heard in the telephones of the 
receiving set. Special calibrations of the apparatus are made 
from time to time either by means of a local generator or from 
signals of known intensity. The agreement between the three 
systems of measurement was very satisfactory, when the dis- 
turbances were not too heavy; the differences being generally 
less than 20 per cent on distant signals, with still better agree- 
ment on the nearer stations. 

The tables and curves‘ giving the results of the year’s work 
at the Bureau of Standards are self explanatory. In addition 
to the data for 1925, the curves show also some comparisons of 
the field intensities of various stations and the strength of the 
atmospheric disturbances in former years. 

The seasonal variations of the continental European stations 
as observed in Washington now seem to be fairly clear. The 
10 A.M. observations give all daylight path conditions, though 

during the shortest days of winter the Nauen observations, with 


1 PROCEEDINGS OF THE INSTITUTE OF RaDio ENGINEERS, vol. 11, p. 115; 

1923. . 
3 PROCEEDINGS OF RADIO ENGINEERS, vol. 11, p. 661; 1923. 
з PROCEEDINGS OF THE INSTITUTE OF RaDio ENGINEERS, vol. 12, p. 521; 
1924. 
* The measurements are taken when possible on moderate speed trans- 
mission, as speeds above fifty words per minute are found to reduce the 
measured field intensity in а marked degree. 

It is also to be noted that the two Ste. Assise stations formerly UFT and 
UFU are now FT and FU, while the old Nauen POZ is now AGS. 

5 PROCEEDINGS OF THE INSTITUTE OF Клрю ENGINEERS, vol. 14, р. 7; 


1926. 
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6 hours differenee of time, have to be taken somewhat before 
10 A. M. The winter А. M. signals of the northern European 
stations are weak in America, owing either to the approach of 
sunset in Europe, or to the proximity of the arctic darkness along 
the signal path as suggested by Espenschied, Anderson and 
Bailey? or possibly to a combination of these causes. The 
10 A. M. signals become in general stronger through the spring 
and summer and reach a distinct maximum about September, 
after which they fall to their low winter values. The course of 
the 3 P. M. signals which are transmitted at about 8 P. M. 
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Е1совЕ 1—Annual Average Signal—10 А. M.— 
for 1922, '23, '24, '25 


in western Europe or 9 P. M. in central Europe and hence have 
& path of partial darkness during most of the year is the reverse 
of that of the 10 А. M. all daylight signals. The maximum 
occurs in mid-winter with a minimum in summer. The 10 A. M. 
and 3 P. M. curves cross each other as a rule in March and 
October. The 3 P. M. winter maxima are particularly strong in 
the case of the longer wave stations, Bordeaux LY, Ste.Assise 
FU, and Nauen AGW. 

This strengthening of the 3 P. M. European signals in winter, 
with darkness extending over part of the signal path, does not 
seem to agree with the observations of Espenschied, Anderson 
and Bailey on signals between England and America, who found 
low intensities for partly dark signal path. We have, however, 
no observations on European stations of а wave length below 
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ү xv m., while the most pronounced drop in intensity as noted 
hy the Bell observers was at much shorter wave lengths. 

rhe west-cast transcontinental signals from KET, Bolinas, 
алгама (three hours time difference), which have an all-day- 
"aut path during both observation periods show practical 
arahty of the 10 А. M. and З P. M. signals in winter, while in 
<ununer the afternoon signals fall well below those of the morn- 
ик. The sume can also be said in regard to the signals of ХАС, 


| — ANUAL. AVERAGE ATMOSPHEPIC _ 
` DISTURBANCES AND SIGNAL. | 
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FIGURE 2 


Cavey, Porto Rico (approximately south-north transmission) 
at a distance of 2,500 km. In the case of Monte Grande, Argen- 
tina, LPZ (south-north transmission) at a distance of 8,300 km. 
and with a little more than ап hour's difference in time, there 
has been until recently no regular afternoon transmission. The 
morning signals from this station have shown no great seasonal 
variations, which was to be expected since the signal path is 
divided nearly equally between the northern and southern 
hemispheres. From the data available it seems that the after- 
noon signals are much weaker than those of the morning in 
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winter and spring, and it is probable that this difference persists 
throughout the year. The cause of this weakening of signals in 
the afternoon, which is observed on practically all stations in 
summer, even when there is comparatively little difference of 
time and no question of sunset or darkness effect, is not clear. 
It may be connected with absorption due to ionization in the 
lower atmosphere along the signal path, produced by the same 
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ЕтсовЕ 3—Nauen (A С S) and Bolinas (К E T)—Average 
Signal 10 A. M. and 3 P. M.. 1925 


conditions which produce atmospheric disturbances in the 
afternoon along the same path*. 

In Figure 5, the monthly averages of the 3 P.M. signals from 
Bordeaux (LY) received in Washington and those of the corre- 
sponding signals taken at Meudon near Paris (d=510 km.) are 
shown. The remarkable agreement in seasonal variation at 
these two receiving stations, which has not been observed in 
other signals taken at moderate and long distances, and which 
did not occur before LY’s change of wave length from 23,400 m. 


*Several years ago Navy A gaat in Panama reported weak signals 
from Washington whenever bad disturbance days occured in the eastern 
United States. | 
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to 15,900 m., indicates that the variations observed in Bordeaux 
зип: |: are due to causes in the neighborhood of the transmitting 
station and not in the general transmission paths. In addition 
to the agreement in seasonal variations at Washington and 
Meudon. it is to be noticed that there has been a gradual increase 
in Bordeaux's intensity at both receiving stations which is out 
of proportion to the average increase in antenna current. 
During the year a slight modification has been made in the 
constants of the exponential term e ^" of the Austin-Cohen trans- 
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Ficgure 4—El Cayey (N А U) and Monte Grande (L P Z)— 
Average Signal 10 А. M. and 3 P. M., 1925 


mission formula, which has resulted in a great improvement in 
the agreement between the observed and calculated values at 
the greater distances without impairing the accuracy of the 
formula at moderate distances. The value of the exponent, и, 


қ m 
expressed in km. and wave léngths, is now CAM instead of 
1.5.10°d З | 
M where d is the distance and д the wave length, or ex- 


pressed in km. and ke., и = 4.57.10 *d.f?.5. This change approxi- 
mately doubles the calculated values at 6,000 km. and increases 
them about four times at 12,000 km. 

An examination is now being made of the transmission data 
already collected for the purpose of finding possible corinections 
with other natural phenomena. Special study has been given to 
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possible meteorological relations. It appears that for long-dis- 
tance long-wave transmission, for example between Europe and 
America, the connection between signal strength and American 
weather is not close. This is not remarkable since the meteoro- 
logical data in America can apply to only a small portion of the 
signal path. A much more distinct relationship exists in trans- 
mission over a few hundred km. because in these cases the 
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‘weather is comparatively uniform over the whole path. This will 
be discussed in a later report. 

Comparisons have also been made between European signal 
intensity in Washington and the oecurrenee of sun spots? and 
magnetic storms. Thus far no certain relationship has been 
observed between sun spots and abnormal signals, but there 
appears to be in many cases an undoubted effect of the more 
severe magnetic storms upon transmission’, 

During the year directional measurements on the atmospheric 
disturbances were made at frequencies of 21.4 and 15 ke. (14,000 


7 For a complete study of the possible relationship between radio phenome 
ena and solar activity observations covering at least one complete sun spot 
cycle will be necessary. 

8 Espensehied, Anderson and Bailey, loe. cit., have noticed in their meas- 
‚ urements of signals between England and America that magnetic storms pro- 
duce a marked decrease in night signals and a slight increase in day signals, 
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and 20,000 m.) at the U. 8. Naval radio receiving stations at 
Colon and Balboa at the two ends of the Panama Canal. 

The data obtained seem to warrant the following conclusions: 

1. During the dry season, probably from January 15 to 
April 1, the atmospheric disturbances both at Balboa and Colon 
come almost entirely from the South American continent, i.e., 
from the southeast. 

2. When the dry season comes to &n end and local storms 
begin to appear, the local disturbances from the low mountains 
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MONTHS 
Figure 6—Average Atmospheric Disturbances, 3 P. M,, 


1922, '23, '24, 25—24 ke. (12,500 m.) 


of theIsthmus begin to be prominent. This shifts the prevailing 
direction at Balboa at times from the southeast to the north, 
but has little effect on the direction &t Colon since the mountains 
containing the local centers of disturbance here lie to the south 
and east, or roughly in the direction of tbe disturbance sources in 
Colombia. 

3. In midsummer, while there 18 probably much disturbance 
. from Central America and Mexico, the local disturbances from 
the Isthmus mask this to such an extent that the prevailing 
direction at Colon continues roughly southeast, while at Balbos 
the distant and local disturbances unite to give a полету or 
northwesterly direction. 
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4. 'The observations further indicate that from northern 
sending stations, Balboa and Colon should give nearly equally 
good unidirectional reception in the dry season, but during the 
rest of the year, where the disturbance conditions are more 
troublesome, Colon should have considerable advantage over 
Баша. 

*.Observations in Washington show that in winter the prevail- 
ing afternoon disturbances come roughly from the southeast, 


E TE p Enteni ers seret EERS E 
ШШШ ШИН НЕ nus (D pue 


Hi [UH Hi ШЕН Mid tits s йн г ШШЕН Шы т. 


БЫШ HU BREE oe 


o po RT HI HE ERE EI EP 


ШЕШ 
|. ШИША aN] НЕ НН 
212% Я LEX 1. CUN X 2. ШЫН 

АНЕ = 


а nS 
| n L y t р р 
LB Eu ЕНЕ 
| 
2. 


+ 

M 

+--+ 

4 

+++ 
poses 

be Sees 
t 


EQUIVALENT MICROVOLTS PER METER 


- 
Tr t€ 
cesa 222292229 05254: 
tot oe rtd tree M 
2999990249 00200 0926: 
20999099 09000 овоо; + 
292092099 09920 tape > 
5499901 oe - 
DO 00068 200 ++ 
+++ 4. ++ 
- re 


Li 
L4 
+++ 
20! + 
29710295! 
$ + 
++ 
- 
. 
++ 
. . 
t 


MONTHS 


FIGURE 7 


that is from the direction of eastern South America or perhaps in 
part from Africa. In summer the direction is southwesterly 
apparently from Mexico or the southwestern United States. 
This is in accord with the idea that disturbances generally origi- 
nate over land and are most intense in the afternoon and evening 
in the regions where the sun-passes very nearly overhead. 
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TABLE 1 


Approximate Transmission Data 


Fre- Wave | Antenna| Effective 
9 Length ктөн Нов 
А 


Bordeaux | 
Ste, A unie, Paris 
Ste. Assise, Paris 
Nauen, Berlin 
Nauen, Berlin 


Monte Grande, Buenos Aires... . . 
Leatield, Oxford 
Cayey, Porto Rico 


бо» BOW coo o o 


* Daily antenna current reported, 
Other antenna currents more or less uncertain. 


TABLE 2 


соған Signal Intensity and Atmospheric Disturbances for Lafayette (LY), Ste. Assise (FU) 
Nauen (AGW) and Pisa (LDG) in microvolts per meter. 
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TABLE 3 


\verage Signal Intensity and Atmospheric Disturbances for Ste. Assise (FT), Bolinas (KET) 
Nauen (AGS), Monte Grande (LPZ) and Leafield (GBL) in microvolts per meter 


| AM. lox е MEL C 
1922 ET KET AGS LPZ ist; ПЕТ KET, AGS] PLZ | Dist 
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TABLE 4 


Average Signal Intensity and Atmospheric Disturbances for El Cayey (NAU) in microvolts 
per meter 


2 
ме 
ба 
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September 
October....... 
November 
December.......... 


.3 
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‚2 
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2.6 
‚7 
T 


шоссе TE 


`9 
e 


Average 


Digitized by Google 


FIELD DISTRIBUTION AND RADIATION RESISTANCE 
OF A STRAIGHT VERTICAL UNLOADED ANTENNA 
RADIATING AT ONE OF ITS HARMONICS* 


Ву 


S. А. Levin AND C. J. Youne 
((RapIo ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY) 


I. INTRODUCTION 


Current and voltage distribution, electromagnetic field and 
radiation resistance are some quantities, among many, of interest 
in the investigation of an antenna. "Their more or less complete 
and accurate determination is possible, mainly due to the works 
of H. Hertz! and M. Abraham.? The principles, given in these 
and other works, have here been applied to the investigation 
of an unloaded antenna consisting of & straight vertical wire 
radiating at one of its harmonics. The term “unloaded” is im- 
portant. An antenna consists of а system of conductors, repre- 
senting distributed capacities and inductances, which conductors 
are connected to one or more circuits with usually concentrated 
capacities and inductances. This is the general form of the 
loaded antenna. If the latter circuits are of negligible influence, 
or if no such circuits exist at all, then the antenna is unloaded. 

Previously, similar calculations have been made by M. 
Abraham,? С. W: Pierce,? S. Ballantine,‘ Н. Chireix,? and M. A. 
Bontch-Broojevitch,° among others. Since the present article 
contains added information, its publication has been thought 
justified, particularly at a time when all data on short wave radio 
transmission are of interest. 

The antenna may be grounded or not and, in the latter case, 
its lower end may be at any distance above ground. The in- 

*Received by the Editor, January 13, 1926. Presented at the New York 
meeting of THe INSTITUTE OF RADIO ENGINEERS, September 1, 1926. 

1H. Hertz, Ges. Werke, v. II. 

? M. Abraham, Phys. Zeitschrift, v. 2, 1901, p. 329. 

3G. W. Pierce, “Electric Oscillations and Electric Waves," New York, 
1920, p. 435, particularly p. 481. 

45: Ballantine, PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, 
v. 12, 1924, р. $23. 

5 H. Chireix, ""Radioelectricité," v. 5, 1924, p. 65 (Bulletin Technique). 

5 M. А. Bontch-Broojevitch, ‘“Electritchestvo, April, 1925, p. 225. 
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uence of this distance upon the radiation resistance and field 
distribution has here been investigated for the first time, as far 
as is known to the authors. In making this treatment the earth 
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has been assumed to be a perfect conductor. 


II. CURRENT DISTRIBUTION 


The current distribution assumed is indicated by Figures 
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1 and 2, where all curves are of sine form. When the lower end 
is grounded—the grounded antenna—only odd harmonics are 
possible as shown in Figure 1, where the three first odd har- 
monics are indicated. At & constant operating wavelength 4, the 
height of the antenna depends upon the harmonic to be used 
(Figure 1, B). When the lower end is not grounded—the un- 
grounded antenna—it is possible to operate both at even and 
odd harmonics (Figure 2). 

Analytically, the current distribution can be expressed in the 
following way, with reference to Figure 3. Let: 
1 = eurrent value at the point х and the time t; 
A=operating wavelength; 
I=length of the antenna wire; 
jo=2 I for the ungrounded antenna; 
А —4 I for the grounded antenna; 
c=the velocity of light. 


Then: 
А г 
=a sin (s — )oin 2t т 0 
_ 27 Ao\ . 9лс 
1 = лк 2-2 sin ——1 х <0 
for the ungrounded antenna, when 5/7 equals an odd integer; 
| = ~a sin2=(2— 2) sin 228 r»0 
т -ағіһ (s F sineta х <0 
À 4 À 
forthe ungrounded antenna, when 4,/ equals aneven integer; finally, 
7 P Я ПА 
1=—a т E (a F )sin зге, :>0 (3) 


for the grounded antenna, where 4c/À is an odd integer. 

There is some theoretical justification for the assumption 
regarding this current distribution.) If the antenna is considered 
as а line with inductance L and capacity C per unit length, 
uniformly distributed, then 


TENET 
ðr Ot 
Oy _ 191 (4) 
dx Ot 


7 At x=0 the two values are equal. 

А. Guyau, La Lumière Électrique, tome XV (2° Série), 1911, p. 13. 
Balth van der Pol, jun., Jahrbuch der drahtlosen Telegraphie, v. 13, 1919, 217. 
K. W. Wagner, Archiv. für Elektrotechnik, v. 8, 1920, p. 145. Also M. 
Abraham, [. с. 
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where v and т are the instantaneous values of voltage and current, 
respectively. The losses are assumed negligible. The boundary 
conditions arc: 


; always = 0, for х = = d (5) 


іп the сөне of an ungrounded antenna, but 


1 always=0, for z=I (6) 
v always=0, for т=0 


in the enan of а grounded antenna. If the current 2 is assumed 
na in equations (1)—(3), then the first equation in the system 


““ 


f 
Ve 727774772642 
, Уу,” NA 


% . * 
Біаснк 3 FIGURE 4 


СІ) is satisfied, if the voltage v is determined by integration of 
(his equation, For instance, the voltage 


а у — 


г C xU p (: pe NIS е са) 2>0 
conesponds to the current 7 in equation (3). The constant of 
Integration. C or is in general a function of т but here equals 
COPS nnee r omust equal zero when the current а equals zero. 
езе values of f and 7 will be found to satisfy the proper boun- 
duty conditions and also the second equation in the system ( if 
POV eo мин: well: Known relation ean be supposed to be true 
ін (hie Canes undor consideration, There are, of course, several 
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ways of treating the equations (4) with boundary conditions 
(5) or (6). 

Though it is usual to assume a current distribution according 
to a sine law,” this is not always done.!° 

It is possible for an antenna to vibrate at several frequencies 
simultaneously. As an illustration, consider the grounded 


antenna. "The expression 


n 
= XY —a, Е (- 9 ШЕ - ees 
An 4 \ An 
n=] 
for odd, integral values of n=/./A (equation (3)) and the cor- 
responding value of v, determined by integration of the first 
equation in the system (4), satisfy the boundary conditions (6) 
and also the second equation in the system (4), provived that 
LC=1/c?. Thus, the expression represents a possible current 
distribution. Usually one component is pronounced while all 
the others are very weak. 
III. Evectric FIELD 


A. Hertz Formula—Consider an element of the antenna at a 
distance z above ground (Figure 4) and represent the current 


in it by 


1=1, Sin zt (7) 
where $, is a function of x. The electric field at a distant point P is 


sin В `; 71 
de = c md (:-"), 


where 
(0) = а: 
94 
Thus 
“ т 27 
ае = а r сов E 9 
с?т, ^ j 
з=... } 27 
"21502 sin 0 cos ^ (с4-т!). 


Assuming a perfect conducting earth,? the field due to the 
image is 


2л. 27 
de=  —.1,d xsin cos — (ct —r;). 
С T$ 4 А 


— nn a 
? M. Abraham, L с.) G. W. Pierce, L е.; 8. Ballantine, 1. с.; among others. 


19 M. Abraham, Annalen d. Phys., у. 66, 1898, p. 435.—^. Press, PRO- 
CEEDINGS OF THE INSTITUTE OF Каро ENGINEERS, v. N, 1920, р. 441. —5ее 
also Encyklopádie der Math. Wissenchaften, v. V, 2, p. 483. 

u See for instance, G. W. Pierce, L c. 

n M. Abraham, l. с., or G. W. Pierce, 1. с. 
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The total field. is 

de=d е-+ d Со, 
Which gives? 


de : ee d x sin СЕР С z= сов a) (8) 
Cry А À 


because 
pom 
2 
И Cngrounded. Antenna Operating at Odd Harmonics—The 
lower end of the antenna may be at a distance х = above the 
изени as in Figure 4. The upper ene is then at a distance 


‚ Ta—11—2 х cos 0. 


( 


ШЕ М above ground. From equation (1) is obtained, by a 


= 


sinple transformation of coordinates, 


T, = —a sin 2 20. —d— E ) (9) 


2 


| À ho 
lor all points between т=4+ ү and т-а----; 


ний d ced sin ^^ (2—d) (10) 


ho 
Irom c=d to r=d+ 1: 4 is equal to the current amplitude. 


The electric field at а distant point is by equation (8), 
а-Ао/2 
4x 24 


r 
С соу (с L— r.)sin 8 | iz cos( 2 2 cos 2r T, 
СА | 4 À 


which with reference to equations (9) and (10), after elementary, 
but somewhat extensive calculations, gives for odd integral values 


LI 


1 25 zt )cos В . 
: a (et—r,)cos - eee ee ax 


€ = COS 
C 
z (11) 
COS E n cos @ 


o 


sin? 0 
l'or convenience let 
Ус? +4 d ^ | 
(= --- = — ps 
4 4 2 ho 
В = о" (12) 
у=1+ 1" 
ho 
— © — B Y, 


13 ҳар ale 1 
"ee also Balth van der Pol, jun., |. c. 
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where n may be odd or even. 
Then 


4a 2% .. асоз( cos 0) 
= —cos—(ct— 9 Өс. 
e= cos (ct—r,)cos(B Y cos )sin x (13) 
C. Ungrounded Antenna Operating at Even Harmonics— 
Similarly, when л is an even integer 


4а 9 .. gsin(B cos Ө) 
ян ee __ p EN -— a 0 0 ЖЕ ИК 
e= zy 008 (ct—r.)sin(B Y cos Ó)sin а (14) 


D. Grounded Antenna 


__2а 25 cos(B cos À) 
е = r (ct—r, sind” (15) 


where т is an odd integer, and the limits of integration are now 


zero and Ы; = 7. 

E. Power Distribution Curves—The numerical value of the 
Poynting vector!* is ‚= where e can be obtained from the 
equations (13)(15). Since only relative values of this vector are 
of interest here, the factor cos ^" (e (—r,) may be omitted in the 


evaluation of e?, as at а given moment it has the same value at 
all points. If in а polar diagram the length of the radius vector, 
corresponding to the angle 0, is made proportional to e?, then 


FIGURE 5 


14 See for instance, Pierce, 1. c. 
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the locus of its end point is а curve, which may be called the 
power distribution curve. See Figures 5-6, which are self- 
explanatory. 


IV. RADIATION RESISTANCE 


A. Power Radiated by the Ungrounded Antenna at Odd Har- 
monics—In order to obtain the radiated power p,'* multiply 


€ ga by the surface element d з= 27 r,? sin б d 0 and integrate 


— 
4. 


from 0-0 to 0 = 2: This gives 


р-24-5, cost 22 (etr), (16) 
where 
п/2 2 > 
N= [ cos? (ВУ cos В) cos (gene) а 0 (17) 
202 = m 
or S= 1 cos? [6 (2—1) | sin? В ДУ (18) 
2. Jo Z 
as will be shown briefly. Note that а = Вг and put U —cos 0 
'Then Si = : (би 8) 
where 
! eos? (u С) cos? (В U) ,,. 
s= f ve bees пет dU 
! eos? (a U)cos? (BU) 
se (n me Pg 


Consider first би. Since 
„U=“. (124-U)—«] 
BU-Bü-rU)-B J. 


the transmission 1--U —Z gives 
: -cos?[ a(a- 1)] со [E (4— 17] ы 
Si = = =з dZ 
1 й 
But B= a where n is an odd integer. Thus 
со [B (Z — | | = = «т ВИ. 
ee (7 ООО 
“= | _ gun Liz 
Jı 2 
Finally, the substitution С = — V gives 


S ( ала” 
Ja px 
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which is of the same form as би and is found equal to 


Sam f, gan Sas dZ. 


P. Power Radiated by Ungrounded Antenna at Even Har- 


лг Су /{'АЯ, 


Я а? 


е Sz cost” (с1— ro), (19) 
where 
w/2 ( 
Se - |, sin? (B “© cos 9) zm Ы os os P) ag б, (20) 
о sin Ө 
ne ier f, RUE (21) 
2 Jo Z 
Power Radiated by Grounded Antenna 
peek -”), (22) 
"/2 о 14 
tite Жз = f COS ws 5 ^ С08 0 ый (23) 
о а eet 0, 
sin 0 
| ~_ 1 (cost? n (7—1) 
M ^ =. 
рее ош 


time average of 


D. Radia ion Resis 
соз?” (сЕ r,) 
A 


In the equations (16), (19) and (22) is equal to E The time 
average of the current square is equal to 14 а?. The radiation 
resistnce!? A! may be defined as the time average of the power 
divided by 1247, Thus: 


Sal, 
о АР у а“ 
h = Co = 21 
Г. C 
M 
T R= 210 8, ohms 2 
lor in ungrounded antenna operating at odd harmonics. М 
even harmonies 
hx 240 No ohms m 
For the grounded antenna 
hko oO N; ohms 22 
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The definite integrals S; and Sz have been computed and are 
plotted in Figure 7, which allows the calculations of the radia- 


КЕТТЕТ 
ЕГЕТТЕ ТТІ 
ИН 
РЕА 
= ЕЕРЕЕ 

ЕЕЕ 
ME ЖЕЕ ШЕШШ ИШ ИЕ ИПИ ИИ 
TNS e ы 

ONKELLLLLLLLLLLE 
“меа 
uL үс TIT TELLE 
МЕРЕ" 
FE АГУ 
BON GR NM NIE 222 
aa ee 
ааа 
тагиманияниванжы 
a ШЕ ШӘ ИЕ ЭЙ И ЁТ ЭЕ ИШ 2% 
FABHASHUSSSBRATAN 
NKERMANRENATC ANE 
КЕКЕТЕ ЖЕ ELL TEE 


FIGURE 7 


tion resistance for an ungrounded antenna up to the 7th har- 
monic and for various distances above ground. 


Examples: 
(1) n=1 and d=0; 
'. Y=1 and 812041; 
'. R=240X0.41 = 98.4 ohms. 
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(2) The same as above but d=7; 
po^ 4d 41 

. 7=1+——=1+—=3 and 8, =0.31; 
À 21 


R=74.4 ohms. 


The integral S; has also been evaluated for odd values of n. 
The value of В =60 S; is shown in the following table. 


TABLE 1 
Harmonic | Rad. Res. 


(n) (ohms) 


The solution of the problem rests on the evaluation of the 
integrals (18), (21) and (24 and it seems worth while to give 
briefly the method used in calculating them. 


1 x sint nZ 
біт JN cos? E Y (Z— М --2 98, 
п being here an odd integer and 7 greater than or equal to unity. 
For a given n, S, has to be found for Y=1, 2, 3, ete. The process 
has to be repeated for different values of n. Then the curves of 
Figure 7, corresponding to п odd, are obtained. For а given п 
and Y, the value of S, can be determined thus. Calculate the 
values of Z, between and including zero and two, at which 


sin? n Z =0 and ЖЕ y (Z— у =0. 


2 
The function under the sign of integration is equal to zero for 
all these Z-values. Example: n=3, Y=3. The zero points are 
в 246 18 | П. sl 
AS EPE „=: Take, for instance, 69-5 as 


interval, that is, caleulate for n=3, 7 =3, 


«т» d 2 B 
д sin? =п 2 
CE 1-1) 2 
"EN Z 
"These values are interpolated. 


LS. Oe Pet en 
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{ 7—0 1 2 108 9 
a = y. тыы ре =, = а. 
` 754’ 54 od 


Add all these calculated values. In this example, the sum equals 
49.587. "Then is 


= | | EX = 0.16. 


21108 
Since xin! [«(Z — 1)] =1 — соха (2 = 1)], 
ӨСІ (“әт 82 1 (*cos?{a(Z—1)]sin? 8 Z 
НЕЧЕНИ я pn 


The last integral 15 calculated for п even exactly as the integral 
S; for n odd. The first integral is independent of Y. Its value 
for n 22 or other even n-values is obtained as above, if the points 
sin? PZ А 

27 =0 are determined. 


Finally, юз is found after determination of the points at which 


at which 


сох? д n Ж 1) 


аа 0. 
The values 
sin? 9 nZ хінг ВЯ T Р 2 i С 7) (п odd) 
Z 4 Е | | 


considered above, have at Z=0 the form 4 but a definite limit 


exists and is equal to zero. It is easy to see that the functions 
to be integrated, see equations (18), (21) and (24), are contin- 
uous at all points, including zero and are thus integrable. 


V. VOLTAGE 


Since the maximum antenna voltage is of interest in the 
determination of corona, insulation, etc., its estimation will be 
illsutrated briefly for the case of an ungrounded antenna oper- 
ating at odd harmonics. The first equation in (4), symbolically 
written, gives 

а јәс еа 
where 7 and V may be the maximum values at the point г. From 


equation (1) is obtained 


| Ыы ho 
= Fasin (І Я 
À 


C V, 


4 
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thous 
9: 2z ж Is тє z 
с = a бм = peg C V. 
Oz 4 4 4 
Nurrernicalv, 
- <A 2-7 fa 
У = — боя — EET Р 
cC / 4 


а is the rnaxirnurn antenna current in amperes at a current loop 
and e«qa.s 


Total Antenna Rexistanee in Onma, 


ao ” Antenna Рулет in Watts 
s s drm ER LT 


where the total antenna resi-tanee is referred to a current loop. 
The value of C is to be expressed іп farad per em. and e equals 
the velocity of light, that is. 3,10”, 


SUMMARY: The operation at the harmonics of the grounded antenna and 
of an ungrouncer! antenna at any distance above ground nas been cons:cered 
as far as current, voltage and power distribution, electromagnetic Бей and 
fad:a*iom resistance are concerned. The antenna is always assumed to be 
а s*ra:zht ver*icai wire and unioeded. The ground is supposed to be a perfect 
conductor. 


A METHOD FOR MAXIMIZATION IN CIRCUIT CALCU- 
LATION* 


Ву 
WALTER VAN В. ROBERTS 


(RADIO CORPORATION OF AMERICA, NEW YORK) 


As an example of a problem involving a maximization, con- 
sider the circuit of Figure 1, where it is desired to determine what 
value of coupling makes the secondary current greatest. From 
the circuit equations the secondary current is readily found to be: 


Zn 
[ZZ REZ) FE, ZR] QR Z)z, (9 


Now the straightforward method for finding the value of 
Zm that makes 72 a maximum is to reduce this expression for 72 to 
its absolute value (by replacing Zi by m+) 21, бо by ret] хз, Ze by 


n= — ве” 


Figure 1—Internal Plate-Filament Resistance of Таре = К. Ampli- 
fication Constant of Tube 24. Z, is Total [Impedance Measured 
Around Secondary Circuit 


=j с, and Zm by угы), differentiate the absolute value. with 
respect to Хм. set the derivative equal to. zero, and solve for 
Ат. This is an extremely tedious process and leads to the result: 


жы ада Сі TM IR хе" в x 
Tan = (rə F.to 1С +11 ГУН SEE (2) 
which result conveys little physical significance. 

А much easier and more useful solution of the problem is, 
however, possible, based upon the following considerations: Let 
1 (7) be апу analvtie function Cand no other kind of function 
will be encountered in ordinary circuit theory) of the complex 


*Reeeived by the Editor February 24. 1926. Presented at the New York 
meeting of the IxsrrrUTE of Наро ENGINEERS, September 1, 1926. 
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nie of Z is varied in some definite manner, 

әк vomplex plane will be sore sort of curve 

~- tion of such a curve, іпсі ір a maximum 
At this maximum point it is obvious thata. 

~-= п the value of Z will move the print терге 
2 a (ürection perpendicular to the veror from the 
апт of maximum absolute value. Now “һе change 


1$ of Imaginaries 


Axis of Real Quantities 


FIGURE 2 


in f (Z), due to a small change d Z in Z is f (Z) d Z. where f!(Z) 
is the function of Z obtained by differentiating f (Z) with respect 
to the letter Z according to the ordinary rules of differential 
calculus. Hence, considering all these complex quantities and 
functions as vectors, the condition for maximum or minimun 
absolute value of f (Z) is simply that the vector fZ: d Z must 
be perpendicular to the vector f (Z). 

Two special cases of this general condition are all that are 
usually required, for in circuit problems d Z is usually either a 
pure real quantity (such as а change in resistance of a circuit 
element) or a pure imaginary (such as a change in reactance of 
an element). In these cases we have the special conditions: 


Л(2) must be perpendicular to f(Z) if d Z is real, (3) 
f'(Z) must be parallel to f(Z) if d Z if imaginary. (4) 


which may be expressed in the more useful form: 


The real part of 112) must be zero if d Z is real. (5) 
/(2) 
7%) 


С) must be zero if d Z is imaginary. (5) 


The imaginarv part of 
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Now going back to the problem of Figure 1, 1 is seen to be 
of the form 
Zin 
EZ. (7) 
А-В Zu 
where A and B are complex constants. In Figure 1, Z,, is a pure 
reactance, so 4 2, 1s imaginary, and condition (6) is applicable. 


12 = 


А : қ 19 А д 
That is, the imaginary part of ~- must be zero, or, imaginary 


d lo 
d бт 
Z m 
part. of = о must be zero. 
(А-В 2,4: 
ТЧ . А-В? 
Simplifying, we have: Пи: rt а 
plfving. we have maginary part of АФВ" 


must be zero. То find out what value of Z,, satisfies this condi- 
tion, replace А bv а+/2 and B by b+j В and Zm by j zm. Then 
equate the imaginary part of the resulting expression to zero 


А} 


| В 


and it is readily found that хи = 


е 
ә 
- 


4: 
Replacing В| Бу the proper quantities for this particular 
| 


problem as given by equation 1, the solution becomes: 


R+Z- 

This solution is exactly the same as given by equation (2), as 
can be proved by reducing the indicated absolute values to an 
expression in terms of the quantities used in equation (2). This 
solution, however, gives a much simpler physical picture of con- 
ditions than equation (2). The last term is obviously the im- 
pedance of a circuit consisting of Zi, connected in series with the 
combination of R and Ze in parallel. (Let this be called for the 


| 
Le Zo x|Zi+ 
| 


9 
- 


7 
moment the generator circuit.) Апа Р Is immediately recog- 
0 


nized as the impedance introduced into the "generator circuit" 
by the presence of the secondary. (Call this the load impedance.) 
Then the equation simply states that for maximum power in the 
load, the load impedance should be equal to the impedance of 
the "generator circuit” in absolute value. This is a very familiar 
tvpe of statement. 
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ANOTHER EXAMPLE OF THE USE OF THE METHOD 


Figure 3 shows а common method for coupling an antenna 
to а tuned circuit. If a signal voltage e acts in the antenna 


Figure 3—Impedance of 
Antenna Circuit = 4. Total 
Impedance Measured Around 
Secondary Circuit Above--Z;. 
Mutual Impedance Between 
Circuits = Ža 


circuit, the secondary current is easily calculated: 


Zm (9) 


Suppose it is required to calculate what adjustment of the 
tuning condenser must be made to give maximum secondary 
current. Z is the element that is to be varied, and although 
4, is not pure imaginary, d И. is pure imaginary because It 18 
merely the reactance change due to varying the capacity. There- 
fore, to find what value of Z; makes i maximum, apply condi- 


. ys d 1» € Zn 1 Vend . "narv 
tion (6). ии р 80 the condition is: Imaginar 
d Ze аи) 
_ БЕ Zu 
AZ eos / 2 
part of AU must be zero. 
Е ( +m Z1 Е 


о 


TR oi | дА. 
Simplifying, this becomes, imaginary part of (2-7 =0 (10) 
) 


a 4 = = . . ы : М rt 

Phe nature of this result. is evident, for the imaginary pa 

” a р | : . . . n- 
of Z» is the reactance of the secondary circuit, while the шар! 


d D 2, is the reactance introduced into the secondar 
1 
” % ы я d- 
by the primary. "Thus the secondary condenser must be à 
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justed just enough “ой tune" to offset the reactance introduced 
by the primary. It is easy to see that the larger Z, or the smaller 
Z m, the less the condenser will be thrown “ой tune." Also, if the 
primary coil is too small to resonate with the antenna capacity, 
Z, has a condenser or negative reactance component, and the 
reactance introduced into the secondary will be positive, so that 
the tuning condenser will have to be reduced in capacity from 
its normal value to compensate. On the other hand if the an- 
tenna inductance is larger than the value required for resonance 
with the antenna capacity, all the statements just made are 
reversed. Intermediate between the two conditions a large 
resistance is introduced into the secondary and no distinct maxi- 
mum is obtained by varying the condenser. То minimize these 
peculiar effects upon the secondary tuning, the antenna circuit 
reactance is usually kept at a large negative value by means of a 
series condenser, or using few enough turns for each wavelength 
being received to assure that the antenna circuit reactance re- 
mains negative and of large value. Аз far as the equations go, 
it should also be possible to minimize the effect upon the second- 
ary tuning by using à primary of inductance so large as to as- 
sure a large positive reactance in the antenna circuit. 

It should be noted that (10) is an equation in the imaginary 
parts of the expression, so that the expression cannot be arranged 
2 А 
to read 21-- 2: = 0, or even the imaginary part of it equal zero. 

2 
Thus while the secondary circuit is tuned in the sense that the 
total effective reactance is made zero for maximum current, it 
is not true that the effective reactance of the antenna circuit is 
zero at the same time. This fact gives a certain amount of justi- 
fication for calling this type of antenna circuit ‘‘untuned,”’ 
though not for calling it “aperiodic.” 


SUMMARY: Having found the expression for a current (or voltage or 
power, etc.) in terms of complex quantities representing the constants of a 
circuit, it is often desired to determine what value of some one of these com- 
plexes makes the absolute magnitude of the current (or voltage, etc.) a maxi- 
mum or a minimum. Rather than reduce the expression to its absolute value 
first, and then maximize in the usual way, it is often much less tedious to 
differentiate the expression while in the complex form. The condition that 
the absolute value is an extremum is then not that the derivative is equal to 
zero, but that the derivative multiplied by a small increment of the independ- ' 
ent variable gives to the dependent variable an increment which is at right 
angles to the vector representing the dependent variable itself Тһе condi- 
tion of maximum obtained by this method is often in a form that is more com- 
pact and that has obvious physical significance. Two examples of the use of 
the method are given. 
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ON THE ORIGIN OF THE SUPER-HETERODYNE 
METHOD" 


Ву 
WALTER SCHOTTKY 


Mr. E. H. Armstrong recently explained in this Journal! that 
the idea of the receiving method named by him “Super-Hetero- 
dyne Reception" first occurred to him as a solution of the re- 
quirements of а war problem, and that in the course of further 
investigations, and due to various suggestions for improvements, 
this idea resulted in the excellent broadcasting receiving set 
that we admire so much to-day. Аз interchange of views and, 
consequently, uniformity of scientific and technical development 
have now apparently been re-established to a large extent between 
the enemy countries, you will no doubt allow me to give a short 
outline of how and when the corresponding idea took shape in 
Germany. 

It was а special and relatively unimportant war problem, 
namely wireless remote control, which claimed the collaboration 
of the Siemens Laboratory— whose experiments were in part 
managed by me—in the course of 19177, 

As in the case of the problem mentioned by Mr. Armstrong, 
discrimination against waves of other frequencies and atmo- 
spheric disturbances was the dominant aim, and thus led to 
theoretical investigations relating to the selectivity problem of 
radio reception in general. Тһе most obvious suggestion of 
improvement consisted in modulating the transmitted high fre- 
quency by means of a lower one, and in providing a correspond- 
ingly double-tuned receiving set,—a suggestion which, as we 
now know, was the chief claim of Lucien Lévy's patent appli- 
cation, filed in the summer of 19173. An exhaustive investiga- 
tion which I made in December 1917, of the advantages that 


*Received by the Editor, April 20, 1926. 
1The Super-Heterodyne, Its Origin, Development and Some Recent 


Improvements, October, 1924. ў | 
2The Zentrallaboratorium of the Wernerwerk, known at that time as 


“Schwachstromkabel (K—) Laboratorium." | | 
з English Pat. 143583 dated August 4, 1917. See also В. Е. Meissner, 


Radio Dynamics 145-149, New York, 1916. 
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might he exin by this method as applied to transmitting and 
vag sis showed, however, that these would not altogether 
ilti v seunedtate expectations. Under the most varying con- 
disons nosible, [compared the effects which an impulse ‘i.e. 
oen giretation of the electric field intensity) or a non- 
adea muto frequency signal would produce in the terminal 
ev woh she effect of the signal to which the receiving set was 


амалда te respond; and I established the fact that insensi- 
х рхо disturbances is, to a large extent, only dependent 


Yo? 


м м! 


Тең 
op nos) the period’ required for the terminal signal, to the 
ox екні lo the (most rapid) radio frequency cycle employed. 


vov ox the case of interference due to non-modulated radio 
coy signals. lasting longer than about one-third of the 
saqueney суб, did a correspondingly reduced sensitivity 
compared with a simple receiving circuit tuned to this 
салы frequency. Furthermore, the ratio of interference 
му to signal sensitivity was chosen to be dependent on 
ы wr the rectification of the mean frequency followed a 
our law or, (as In the case of weak signals in ordinary detectors 
Vavetifiers) a square law; it was shown that the square law 
илд netion prejudicially affected the ratio of interference 
алан to signal sensitivity. For this reason, and on account 
co the well-known loss in amplification which cannot be avoided 
with weak signals under square-law rectification, I considered the 
ану of amplifving, by means of a non-selective radio fre- 
quenev amplifier, the two adjacent frequencies Yı and У: con- 
сине in the modulated carrier wave, to such an extent before 
(hear passage through the first. rectifier, that the rectifying 
иной would become approximately linear. But here I en- 
countered а problem, the general importance and difficulties of 
whieh were already familiar to me, and which I had at first 
hoped to solve by the construction of special amplifying valves 
having large cleetrome currents and small internal resistance’. 
My aequaintance with the idea of inaudibly-modulated carrier 
liequeney presented me (at the end of February and beginning 
of March) with a new solution, viz: that the incoming high fre- 
quency Cat frequencies У, and Уә or, in ease of non-modulated 
hiph Érequenevy transmission, at frequenev Y) could be converted 
hneaily Tike ordinary heterodyne reception—into a lower fre- 


` 


``“ 


‘Where mechinieal relays are operated, the period of the terminal signal 
pias be the natural oscillation of the armature; in the ease of telephonic signals 
Ue еле ed the Бы Нее frequenes that ean be transmitted, 
"py dt соох tiled November 11, 1917. 
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quency wave which could be easily amplified, by causing the 
first receiver valve to oscillate at a frequency which would give 
inaudible beats when receiving the incoming high frequency. In 
order to obtain the linear conversion of the wave, the amplitude 
of this auxiliary oscillation should be dimensioned in such a 
manner that it entirely controlled the super-heterodyne valve over 
about one-half its characteristic. 

It was by no means difficult to recognise the importance of 
this method, which actually represents the super-heterodyne 
principle, for all purposes of radio reception. In fact, the follow- 
ing entry was made by me in the journal of the K = Laboratorium 
for the period February 25 to March 16, 1918: 

“A Frequency Transformation for Radio Reception 

“As the amplification of very short waves in many 
“eases involves a large consumption of energy in the 
“amplifier valves employed, it is of advantage to be able 
“to convert short waves at their reception, without any 
“loss of energy, into longer, similarly inaudible waves and 
"then to amplify these only. This is accomplished by - 
“heterodyning another frequency differing by about 
“10 % so that the beat-wave again becomes high frequen- 
“су, but longer. Of special importance for radio telephony 
"jn which ordinary heterodyning 15 not possible.” 

The German patent for this method was filed on the 18th 
June, 10186; since I could not myself draw it up nor pursue the 
matter further, it did not, unfortunately, assume the form I 
should have wished. Nevertheless, it emphasizes the essential 
features of the super-heterodyne method and, thanks to the 
Nolan Act, patents have been granted in America and England, 

so that according to the present state of patent law in these 
countries as well as in Germany, the manufacture of at least 
such heterodyne sets as permit the amplification of the trans- 
formed (inaudible) high frequency, is involved in the possession 
or right of utilization of this patent. 

I should like to conclude this little historical note by referring 
to some still earlier publications and patent applications in our 
field’, which are of historical importance in relation to the super- 
heterodyne idea, but were, probably, as unknown to Mr. Arm- 
strong as to me. The idea of employing the advantages of 
heterodyne reception for radio telephony also, by selecting an 


6р. В.Р. 368937; English Pat. 135177, appl. 1502063. The first patent 
E. H. Armstrong is dated 30th December, 1918. 
7 See also the report of J. H. More, Electrician, 1925, p. 121. 
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inaudibly high beat frequency, was probably published origi- 
nally in 1913 by Mr. Hogan in the course of a discussion*. The 
idea of producing a beat frequency by means of a local source of 
oscillation, which was not intended to make the signals audible, 
but expressly to provide for another tuning and thereby increased 
selectivity, has been patented by Graf Arco and A. Meissner’, 
апа by Н. J. Round; Round's application also lays stress on 
providing inaudible beat frequencies, but actually offers no good 
selectivity against interference owing to the inherent necessary 
detuning of the aerial. Finally, the aforementioned patent of 
Lucien Lévy! is of fundamental importance to the whole field; 
he must be considered, at least from the point of view of patent 
law, as the true originator of the super-heterodyne method, since 
the super-imposition of an adjacent frequency, an intermediate 
circuit tuned to inaudible frequencies, and a further rectification 
in order to convert into the desired signal, are described ex- 
plicitly in his application (as one of several constructions). In 
regard to earlier existent publication, there may be a doubt as 
"to whether the information would have brought about the 
desired technical progress we owe to the super-heterodyne 
method, as conceived by Mr. Armstrong and also described in 
the German application. After all, the actual aim of the high- 
frequency transformation or super-heterodyning principle con- 
sists in providing a suitable and relatively convenient radio 
frequency amplifier for short waves, whereas the selectivity 
effects that Lévy solely had in view are less important, according 
to the above considerations, and might be obtained as well by 
the use of a slightly attenuated or reaction-coupled radio fre- 
quency syntonizing circuit. The drawings of this application 
also leave 16 doubtful whether the elimination of the square-law 
rectifying action, which 1$ so essential for the commercial use of 
the apparatus, would have been obtained by means of experi- 
mental sets constructed on the principle indieated in the 
application. 

The ‘‘word” seems, at any rate, to have been far less im- 
portant in this field than the "deed," and there appears to be no 
doubt that it is Mr. Armstrong and his collaborators to whom 
we owe the deed, which has made the super-heterodyne method 
such as invaluable instrumentality in radio engineering. 

—— 3 Hogan, PROCEEDINGS OF THEI NSITUTE OF RADIO ENGINEERS, 1,97 (1913). 
ее: аав 252, 1914, filed January 5, 1914 and р. К. P. 300896, Jan- 


10 English Pat. 27480, 1913, filed November 11, 1913. 
п English Pat. 143583, date of appl. April 8, 1917. 


DISCUSSION ON 
PORTABLE RECEIVING SETS FOR MEASURING FIELD 
STRENGTHS AT BROADCASTING FREQUENCIES, 
Ву AxEL С. JENSEN” 


Bv 
С. D. GILLETT 
(Department of Development and Research, American Telephone and 
Telegraph Co.) 

Mr. Jensen has so fully covered the technical features of these 
new measuring sets that I think it would be impossible for me to: 
add anything of importance to that phase of the subject except 
to emphasize, as Mr. Jensen failed to do through modesty, just 
how great an advancement the replacing of the method of balanc- 
ing voltages impressed on the grid of the first detector with one 
involving the balancing of the voltages induced in the loop 
represents in the art of measuring field strengths at broadcast 
frequencies. Advancement both in the sustained accuracies 
obtainable in field work and even more in their ruggedness and 
convenience in the field. We have found that on the average 
we can accomplish nearly twice as much work with these new 
sets as we could with the old type which they replace. Also, it 
may be of interest to you to see how these sets are being used in 
the field in actual field strength measuring work, and to review 
both the uses to which they have been put as well as the ones to 
which they may be put and for which they are peculiarly well 
adapted. 

Originally our field work was done with sets which we carried 
on the back seat of an ordinary touring car, relying on the 
cushion effect of the seats themselves to protect them from severe 
road shock. "This involved lifting them up on a small platform 
every time a measurement was to be made, and attempts were 
made to develop а spring mounting which would satisfactorily 
protect them from road shock and at the same time carry them 
in position ready for instant use. Figure 1 will show our solution 
of this problem with the sets closed and the loop mounted on the 
running board of the car ready to go. 


*Reccived by the Editor, May 19, 1926. 
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The mounting for the sets consists of a heavy wooden box 
sipported on an equally heavy angle iron frame, this box being 
hned on the bottom, sides, and back with heavy automobile 
type cushions, and the sets are carried in a felt lined light wooden 
frame upon these cushions. Since it is necessary to reach the 
front and top of the sets during operation, it was impossible to 
surround them entirely by cushions, and instead the sets were 
clamped into the light frame, and this box frame is held against 


FIGURE 1 


the cushions by four heavy steel coil springs located at the bottom 
and top rear corners of the mounting. This cushion mounting 
has been very successful in protecting the sets from injury by 
ronl shock as well as convenient in operation. We also thought 
и looked quite handsome until the proprietor of an electrical 
„вор where we stopped to get some batteries asked us, “What 
kind of a washing machine is that?” 

Figure 2 shows the sets with the loop inserted in its socket 
nud the set in operation. When a measurement is to be made, 
nM that is necessary is for the driver to remove the loop from the 
prin clips in which it is held, insert it in the socket on the top 
of the eet, and plug in his receivers. The batteries are turned on 
ру ‘be insertion of the receiver plug. The condenser dials are 
еі vith clamps so that the set remains in tune. This makes 
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it a very convenient arrangement and we have found it possible 
to make as many as nine separate measurements in an hour at 
points spaced one mile apart. 


FIGURE 2 


Examples of the first work done in the field with measuring 
sets involved a small survey around New York City and another 
around Washington, D. C. The results of these surveys are 
shown in Figures 3 and 4. The form of the contour lines show 
clearly for the first time the very wide departure of field strength 
distribution from the ideal, especially in congested areas filled 
with absorbing metallic structures. In the case of New York 
City, the shadow cast by the 42nd Street district north over the 
Central Park area, and another cast by the downtown: sky- 
scrapers over Governors Island and lower Brooklyn are clearly 
shown by the marked dents in the contour lines. These data 
were included in a paper by Mr. Bown and myself presented 
before this Institute in 1924. 

Shortly after these surveys were made, field strength measur- 
ing sets of the early type were used to make a quantitative com- 
parison of the transmission from a transmitting station located 
at 24 Walker Street and a transmitting station located only one 
mile away at 463 West Street, both in New York City. The 
results of these comparative measurements rather surprised us 
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by showing a difference, at certain points in the lower tip of 
Connecticut, of over 100 to 1 in power efficiency of transmission 
between these two stations, only a mile apart. 
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FicvnE 3—Radio Field Strength Contour Map of Metropolitan Area 
(Field Strenghts in Millivolts per Meter) 


In an attempt to get some explanation of the possible causes 
of such a condition, a complete detailed survey was made of 
Westchester County and the lower tip of Connecticut, which 
resulted in the field strength contour map shown ш Figure 5. 
The contours on this map show that there is a series of long 
nearly parallel hills and valleys of field strength. There has 
occurred to us, as an explanation, that this hitherto uncharted 

| form of field strength distribution is а gigantie wave interference 
pattern. This interference pattern probably results from the 
extremely heavy absorption of the high building area around the 
42nd Street district with its resulting shadow and the feeding in 
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from each side of this shadow as the waves progress out over 
Westchester. 

This same shadow effect has been definitely located by means 
of these measuring sets in connection with the use of a portable 
transmitter, shooting at this 42nd Street district from different 
directions. In Figure 6 is shown the location of the portable 
transmitter at these different points with a large enough frag- 
ment of the resulting contour map to show the shadowing effect. 
The intersections of the lines drawn from the shadows to the 
transmitter fall at approximately 38th Street in the vicinity of 
ie ee ee ee ME A — гу). T See d 
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Sixth Avenue, definitely locating the center of gravity at least 
of the area of abnormally heavy absorption. The interference 
pattern given above and our conclusions as to the nature of the 
effect of the building area on the interference pattern were first 
described in a paper presented before this Institute last fall, 
“Some Studies in Radio Broadcast Transmission," by Messrs. 
Bown, Martin and Potter. 

Finally, I should like to point out that such sets as these are 
the only means available at the present time for making accurate 
and complete field strength surveys of a broadcasting station. 
By the use of a portable transmitter, in connection with surveys 
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‘паче tn this way, it is possible to evaluate accurately in advance 
салу costly construction, the relative merits of different sites 
‘oi the location of a new broadcasting station, and thus avoid 
Cue chance of unsatisfactory performance which has been experi- 
acest by so many stations located in dense metropolitan areas. 
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Fieve ә Radio Contour Map Showing Wave Interference Pattern 
hese sets also are peculiarly well adapted for the location 
of norse or mterferenece of апу sort. Heretofore, it was necessary 
to have a enrtier from some transmitting station in order to bring 
(he noie or interference in as sideband and thus raise it to an 
audible devel an the revetver comparable to ordinary receiving 
conditions. But due to the directional characteristic of the 
eatrtet и Was impessible to use a directional receiver to determine 
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the bearing of the source of the noise. With these sets it is possi- 
ble, from the local signal input oscillator, to supply а carrier of 
any known or desired value and frequency without a directional 
characteristie, and to use this carrier to sensitize the receiver so 
that the loop's directional characteristic may be used to locate 
the bearing of the incoming noise and thus to trace down the 
source of noise. 
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Fiure 6—Map Showing Location of Radio Obstruction on Man- 
hattan Island as Determined by the Intersection of Lines Between 
Various Transmitting Points and Their Corresponding Shadows 


In conclusion, perhaps the best indication of the value of these 
sets in research work is given by the fact that we have thought it 
worth while to carry sets of these types over 15,000 miles in the 
last three years in the making of field measurements and have 
made a total of about three thousand separate measurements. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO RADIO 
TELEGRAPHY AND TELEPHONY 


Issued May 11, 1926—June 30, 1926 


By 
JOHN B. BRADY 


(Patent Lawyer, Ouray Building, Washington, D. C.) 


1,584,015—G. S. CORNISH, of Madisonville, Ohio. Filed November 22, 
1924, issued May 11, 1926. Assigned to the Cincinnati, Patent Engineer- 
ing Company. 


CONDENSER AND LEAD FOR RADIO CIRCUITS, where a pair of con- 
denser plates are disposed at right angles to each other on an insulated 
base and their terminals shunted through a high resistance coating. 


1,548,220—H. FARKOUGH, of Brooklyn, М. Y. Filed May 21, 1923, issued 
May 11, 1926. 


PORTABLE RADIO RECEIVING SET, in the form of a suit case having 
extensible feet thereon by which the suit case may be set up at an angle 
for convenience in operation. 


1,584,490—А. H. TAYLOR, of Washington, D. C. Filed November 30, 1925» 
issued May 11, 1926. Assigned to Wired Radio, Incorporated, of New 
York City. 


THREE-PHASE OSCILLATOR, where three single phase oscillation gene- 
rator circuits are connected in Y and the oscillation circuits controlled 
by a piego-electric crystal for maintaining the several currents in proper 
phase displacement. 


1,584,551—E. W. KELLOGG, of Schenectady, N. Y. Filed October 29, 
1924, issued May 11, 1926. Assigned to General Electric Company. 


RADIO RECEIVING SYSTEM, in which a pair of directionally extending 
horizontal conductors are provided with means for producing reflection 
of different phases in the two conductors for the selective reception of 
signals. 


1,584,893—F. A. RAFFERTY, of Villanova, Pennsylvania. Filed June 21, 
1923, issued May 18, 1926. 


CONSTANT INDICATOR FOR VIBRATORY CIRCUITS, consisting of 
a meter in which the frequency of the electromagnetic wave may be read 
directly in kilocycles and cycles or in meters and the product of inductance 
and capacities in micro-henries and micro-farads may be read directly. 


1,585,244—W. H. HOFFMAN, of Madison, Wisconsin. Filed February 17, 
1925, issued May 18, 1926. Assigned to C. P. Burgess Laboratories. 


SHORT WAVE LENGTH TRANSMITTER, in which an electron tube 
circuit is stabilized for operation by means of a bridge circuit which main- 
tains the system in a condition of oscillation at constant frequency. 


1,585,431—W. O. SNELLING, Allentown, Pennsylvania. Filed September 
24, 1923, issued May 18, 1926. 


CURRENT-RECTIFYING DEVICE, consisting of a metallic sulphide pre- 
pared in the presence of a reagent comprising sulphide dioxide and carbon 
bisulphide. 
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1.5854 РС WARNER, Schenectady, М. Y. Filed February 29, 1924, 
sued Мау 1%. 1926. Assigned to General Electric Company. 

ELECTRON DISCHARGE APPARATUS AND METHOD OF OPER- 
ATING THE SAME, in which a pair of grid electrodes are provided, 
interposal between the cathode and anode and the flow of current be- 
tween the cathode and anode controlled by the conjoint action of two 


grids. 


1.584.923 О. GRUENBERGER, Wauwatosa, Wisconsin. Filed December 
29, 1922, issued May 18, 1926. 

ELECTRICAL CONDENSER, in which a pair of plate members is provided 
and the mutual exposure controlled by flexing or rolling of one plate upon 
another. 


1.586.060 — R. BAINTON, Greeley, Colorado. Filed July 18, 1922, issued 
May 25, 1926. 

MEANS FOR GUARDING AGAINST THE UNAUTHORIZED RECEIV.- 
ING OF RADIO COMMUNICATIONS, employing a cam operated 
mechanism at both the transmitting and receiving stations for varying 
the operating wave length in accordance with a definite law for the pur- 
pose of secrecy. 


1.586.144 —H. J. J. M. de R. de Bellescize, Toulon, France. Filed August 18, 
1919, issued May 25, 1926. 

STATION FOR DUPLEX RADIO TELEGRAPHY, employing a loop an- 
(сппа perpendicular to the direction of the transmitter with a directional 
collector coupled to the loop for compensating for any unsymmetrical 
relations between the loop and the conductors of the transmitter having 
oscillations induced therein. 


.556.102 J. C. R. PALMER, New Rochelle, N. Y. Filed March 29, 1923, 
issued ч 25, 1926. Assigned to Western Electric Company, Incor- 
porated. 

KLECTRON DISCHARGE DEVICE, where the control electrode consists 
of a wire helix surrounding the cathode with the control circuit connected 
across the wire helix. 


(585.650. С. Н. CLARK, Brooklyn, N. Y. Filed June 27, 1922, issued May 
25, 1926. Assigned to Radio Corporation of America. 

ARC GENERATOR, wherein oscillations are maintained at constant fre- 
quency by a plurality of windings around the arc field. 


1,585,706 L. W. CHUBB, Edgewood Park, Pennsylvania. Filed May 15, 
1917, issued May 25, 1926. Assigned to Westinghouse Electric & Manu- 
facturing Company. 

ҮНЕКМІОМІС CONVERTER, embodying two electrodes having different 
clectron emissivity when equally heated and arranged for the passage 
of uni-directional current between the electrodes. 


1,485,878 -H. О. RUGH, Chicago, Illinois. Filed November 16, 1922, issued 
May 25, 1926. 

(НЕКМІОМІС VALVE for connection in an incandescent lamp socket, 
serving аз а complete radio receiving set for the external connection of à 
headset and tuning circuit therewith. The valve functions as a rectifier 
ol incoming signaling energy. 


4,086,099 G. HOLST, E. OOSTERHUIS and J. BRUIJNES, of Eindhoven, 
Netherlands. Assigned to Naamlooze Vennootschap Philips’ Gloeilam- 
pen Fabrieken. 

LEC TRICAL DISCHARGE DEVICE for the purpose of rectification where 
two electrodes are provided with a shield of insulating material inter- 
posed between the clectrodes. 
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1,586,419—W. S. FREESLAND, of Norfolk, Virginia. Filed October 2, 
1922, issued May 25, 1926. 

MULTICONTACT CRYSTAL DETECTOR, where a switching arrange- 
ment is provided for selecting a plurality of sensitive points of a crystal 
and effectively including such points in a circuit. 


1,586,498—S. K. WILSON, of Philadelphia, Pennsylvania. Filed January 
26, 1925, issued May 25, 1926. 

CONDENSER for variable adjustment in which a pair of cylinders are pro- 
vided axially movable one within the other. 


1,586,524—R. A. HEISING, Millburn, М. J. Original filed December 29, 
1916; renewed April 28, 1924, issued June 1, 1926. Assigned to Western 
Electric Company. 

CONSTANT FREQUENCY SYSTEM, where an arc excited oscillating cir- 
cuit is controlled in stable condition independent of variations which 
occur in the resistance of the load circuit. 


1,586,558—]. E. HARRIS, Newark, N. J. Filed November 20, 1922, issued 
June 1, 1926. Assigned to Western Electric Company. 

MANUFACTURE OF ELECTRON DISCHARGE DEVICES, where the 
electron tubes are evacuated while establishing a space discharge between 
the electrodes in an atmosphere of carbon monoxide. 


1,586,580—J. C. SCHELLENG, Millburn, N. J. Filed August 20, 1925, issued 
June 1, 1926. Assigned to Western Electric Company. 

OSCILLATING SYSTEM, where the frequency of the system may be 
changed by varying the inductance and capacity circuits simultaneously 
by means of a mechanical switching system. 


1,586,653—F. CONRAD, Pittsburgh, Pennsylvania. Filed March 10, 1922, 
issued June 1, 1926. Assigned to Westinghouse Electric & Manufacturing 
Company. 

RADIO TRANSMISSION SYSTEM, where a plurality of non-parallel 
antennae are provided tuned to the same frequency and a connection 
between a source of oscillations with one of the antenna circuits, the 
other antenna circuits being connected between points of like potential 
and the oscillation circuit for oscillating in unison. 


1,586,657—S. DAVIDSE, Wheeling, West Virginia. Filed May 17, 1923, 
issued June 1, 1926. 

INDUCTIVE LOOP ANTENNA, where a plurality of separate loop frames 
are variably positioned upon a support for mutual adjustment thereon. 


1,586,672—E. L. НАСКЕТТ, Wyoming, М. J. Filed September 5, 1922, 
issued June 1, 1926. Assigned to M. H. Avram & Company, Incorporated, 

CRYSTAL DETECTOR, having a micrometer adjustment for the cat whisker 
with respect to the crystal. 


1,586,755—J. Е. LINDBERG, Chicago, Illinois. Filed September 25, 1922, 
issued June 1, 1926. Assigned to Reliance Die & Stamping Company, 

INDUCTANCE APPARATUS, comprising an inductance coil concentrically 
mounted around a condenser with a mechanical device for changing the 
angular position of the inductance coil with respect to the condenser. 


1,586,828—A. H. MILLER, Detroit, Michigan. Filed November 26, 1923, 
issued June 1, 1926. 

RADIO DETECTOR, where a crystal is embedded in a low fusing alloy and 
mounted within a tubular container with a contact device permanently 
secured upon a sensitive point of the detector. 


1,586,895—J. J. GILBERT, Port Washington, М. Y. Filed May 15, 1922, 
issued June 1, 1926. Assigned to Western Electric Company. 

SUBMARINE CABLE SIGNALING for two-way signaling between two 
stations where a mechanical arrangement is provided for permitting simul- 
taneous transmission from both stations and reception at both stations 
over equal periods of time. 
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1,587,095-В. В. WEBSTER, Chicago, Ill. Filed April 28, 1924, issued June 
1925. Assigned to Reliance Die & Stamping Company. 
ELECTRICAL CONDENSER, having rotor and stator plates with the 
movable shaft reduced in the form of a quill and journal in the condenser 
frame for accurate adjustment therein. 


1,587,096—А. E. WHEELER, Logansport, Indiana. Filed June 30, 1925, 
issued June 1, 1926. 

COMBINED RADIO LOUD SPEAKER AND LAMP, wherein an acoustic 
horn is combined with a support for a lamp. 


1,587,156—W. G. HOUSKEEPER, New York City. Filed November 26, 
1920, issued June 1, 1926. Assigned to Western Electric Company. 

VACUUM INSULATOR for the lead in of conductors into a high power 
vacuum tube where inner and outer axial cylinders of insulating material 
form a passage for the lead in through the wall of the vacuum tube. 


1,587,168—М. MATHIESEN, of Chicago, Illinois. Filed April 13, 1925, 
issued June 1. 1926. Assigned to Mathiesen-Sandberg Company. 
LOOP AERIAL, designed for portable erection where the frame members are 

hinged together. 


1,587,389—O. С. LISSEN, Jersey City, М. J. Filed March 13, 1924, issued 
June 1, 1926. 

CONDENSER of multiple construction with a single shaft for controlling 
the condenser simultaneously and a friction device for independently 
controlling the movement of the condensers. 


1,587,210—R. У. L. HARTLEY, East Orange, М. J. Filed February 3, 1919, 
issued June 8, 1926. Assigned to Western Electric Company. 

NONRESONANT SYSTEM, including a plurality of electron tube repeaters 
with circuits for driving current through each repeater and an electro- 
magnetic control operated by the flow of current through each repeater 
tending to reduce the simultaneously existing current through the other 
repeater. 


1,587,696—-A. J. CARTER, Chicago, Illinois. Filed March 14, 1924, issued 
June 8, 1926. Assigned to Carter Radio Company. 

ELECTROSTATIC CONDENSER of the stack type where U-shaped 
terminals are provided for subjecting the stack to pressure and establish- 
ing connection with opposite sides of the condenser. 


1,587,786-). MASSOLLE, HANS VOGT and DR. JOSEF ENGL, of Grune- 
wald, Berlin and Grunewald, Germany, respectively. Filed April 4, 
1921, issued June 8, 1926. Assigned to Tri-Ergon Limited of Zurich, 
Switzerland. 

ELECTRON TUBE having anode screening means with a connection be- 
tween the source and the anode screening means. 


1,587,880—R. A. WEAGANT, New York, N. Y. Filed February 7, 1919, 
issued June 8, 1926. Assigned to Radio Corporation of America. 

METHOD AND APPARATUS FOR RADIO SIGNALING, wherein a pair 
or horizontally extending antennas are arranged to be moved in a vertical 
or horizontal plane for securing the maximum response to signaling energy 
free of static disturbances. 


1,587,595—F. LOWENSTEIN. Filed November 5, 1920, issued June 8, 
1926. Assigned to Radio Patents Corporation. 


TELEPHONY, wherein the efficiency of transmission and reception is con- 
siderably increased by suppressing at the transmitter the lower frequency 
notes which normally require considerably more power for transmission 
than the higher frequency notes and restoring the lower frequency notes 
at the receiver. The patent covers both the method of transrnission and 
apparatus for effecting such transmission. 
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1,587,657—F. A. KOLSTER, of Burlingame, California. Filed December 5, 
1921, issued June 8, 1926. Assigned to Federal Telegraph Company. 
RADIO SIGNALING SYSTEM for signaling between one station and either 
of two others which are substantially in the same line and in the same 
direction with respect to the first station. Circuits are provided for the 
selective transmission and reception of the signaling energy in a definite 

prescribed path. 


1,587,662—F. LOWENSTEIN. Filed November 29, 1918, issued June 8, 
1926. Assigned to Radio Patents Corporation. 

APPARATUS FOR GENERATING ALTERNATING CURRENT for 
radio transmission wbere a pair of parallel branch circuits each including 
an electron tube system are so connected with an antenna system as to 
conjointly deliver energy to the antenna system with a circuit for modu- 
lating the effects of transmitted energy. 


1,587,924—H. J. ROUND and A. McLELLAN, of London and Swansea, 
England, respectively. Filed March 30, 1921, issued June 8, 1926. 
Assigned to Radio Corporation of America. 

RADIO SIGNALING SYSTEM, where a circuit arrangement is provided 
for maintaining the tuning of an antenna constant under conditions of 
change in load. 


1,587,932— G. D. BAGLEY, Flushing, М. Y. Filed December 4, 1922, issued 
June 8, 1926. Assigned to Electro Metallurgical Company. 

SPARK GAP APPARATUS, comprising separate intercommunicating elect- 
rode chambers containing hydrogen.  Electrodes are arranged in the 
chamber and adjustable rnercury pools provided for the other electrodes 
whereby discharge takes place in hydrogen. 


1,587,942—W. DUBILIER, of New York, N. Y. Filed March 7, 1919, issued 
June 8, 1926. Assigned to Dubilier Condenser & Radio Corporation. 

CONDENSER STRUCTURE, wherein a stack is secured under pressure 
and a casing engaged over the stack and secured to an insulating block 
arranged adjacent one end of the stack. 


1,588,047 —M. Osnos. of Berlin, Germany. Filed February 12, 1923, issued 
June 8, 1926. Assigned to Gesellschaft fur Drahtlose Telegraphie. 

CIRCUIT ARRANGEMENT FOR RADIO SIGNALING, including a 
source of high frequency energy with an oscillatory circuit connected 
therewith, the oscillatory circuit comprising inductance and capacity 
so adjusted as to resonate the transmitting frequency while bi-passing 
all the undesirable higher frequencies. 


1,588,248—D. G. McCAA, Lancaster, Pennsylvania. Filed March 23, 1923, 
issued June 8, 1926. Assigned to The Electric Apparatus Company. 
ANTISTATIC SYSTEM for radio receiving systems where a vibratory con- 
tact member is actuated at the receiver in step with received telegraphic 

signals for the reception of the signals independent of interference. 


1,587,512—W. DORNIG, of Berlin-Steglitz, Germany. Filed February 2, 
1921, issued June 8, 1926. 

HIGH-FREQUENCY TRANSFORMER for radio transmission where the 
transformer circuit is coupled to an antenna system through an interme- 
diate tuning circuit for controlling the effect of the high frequency energy 
thus developed upon the antenna. 


1,588,074—C. D. WHITE, HARRY STEVENSON and DAVID H. MOSS. 
of New Jersey. Filed November 4, 1925, issued June 8, 1926. Assigned 
to Brandes Laboratories, Incorporated, of Newark, New Jersey. 

AUDIO-FREQUENCY TRANSFORMER, where the windings are magneti- 
cally shielded by a pair of closure members which embrace opposite sides 
of a channel-shaped frame. 
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1,587,764—ROBERT D. DUNCAN, JR., of East Orange, New Jersey. 
Filed December 23, 1925, issued June 8, 1926. Assigned to Wired Radio 
Incorporated, of New York City. 


WIRED RADIO TRANSMITTING SYSTEM, in which a plurality of 
transmitters may be arranged for impressing high-frequency oscillations 
on line wire circuits without interference between the several transmitting 
frequencies for the transmission of a plurality of programs over a line wire 
network to a multiplicity of subscribers. 


1,588,545—W. H. Gerns, of East Orange, New Jersey. Filed November 28, 
1925, issued June 15, 1926. Assigned to Brandes Laboratories, Incorpor- 
ated, of Newark, New Jersey. 


ELECTROMAGNETIC DRIVER, particularly adapted for a conical dia- 
phragm sound reproducer, wherein an armature member is driven by a 
pair of electromagnetic systems positioned on opposite sides of the arma- 
ture. The armature is constructed for the efficient reproduction of notes 
over the entire musical scale. 


1,588,438—H. М. BLISS, Ithaca, New York. Filed November 4, 1924, issued 
June 15, 1926. 


METHOD AND APPARATUS FOR SELECTIVE ELECTRICAL ТОМ. 
ING, in which а set of rotor plates may be variably interleaved with a 
set of stator plates and independent movement imparted to the stator 
plates for compensating for variations in the differences in the plurality 
of stages of amplification. 


1,588,474—А. A. KENT, Ardmore, Pennsylvania. Filed June 6, 1925, issued 
June 15, 1926. 


CONDENSER for panel mounting within a receiver where the stator ele- 
ments are supported from a bracket engaging the panel and the rotor 
elements are journaled in a single bearing carried by the panel. 


1,588,519—Q. А. BRACKETT, Springfield, Massachusetts. Filed September 
29, 1921, issued June 15, 1926. Assigned to Westinghouse Electric & 
Manufacturing Company. 


GRID LEAK formed within an electron tube by means of an auxiliary cathode 
device which is arranged parallel to the normal cathode and maintained 
at electron emitting temperature for providing a leak path with respect 
to the grid electrode. 


1,588,671—C. S. GERBER, Pittsburgh, Pennsylvania. Filed April 1, 1925, 
issued June 15, 1926. 


ELECTRIC CONDENSER, in which a rotatable member carries a pair of 
shaped plates on opposite sides of a stationary plate for variation in 
capacity in accordance with a definite law. 


1,588,813—W. SCHEPPMAN, Berlin, Germany. Filed August 31, 1921, 
issued June 15, 1926. Assigned to Lorenz Aktiengesellschaft. 


OSCILLATION CIRCUIT for the production of sustained oscillations where 
an electron tube system has the constants proportioned for the generation 
of oscillations with a condenser in shunt with the grid and plate circuits 
for the sustaining of oscillations. 


1,589,008—J. B. KIRBY, West Richfield, Ohio and H. S. SCOTT, Cleveland, 
Ohio. Filed August 5, 1925, issued June 15, 1926. Said Scott assignor 
to said Kirby. 


RADIO CONDENSER, having an attachment consisting of a plate of in- 
sulating material adapted to be inserted to a variable extent between 
certain of the plates of the condenser for fixing the capacity of the con- 
denser. 
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1,589,204—L. H. MILLER, Lakewood, Ohio, and M. W. SEVERANCE, 
Cleveland, Ohio. Filed December 14, 1922, issued June 15, 1926. As- 
signed one-third to Arthur H. Voigt. 


VARIABLE CONDENSER for accurate adjustment of the capacity of an 
electrical circuit wherein a tubular member is rotated within a scréw 
threaded cylinder and the gap therebetween filled with dielectric. 


1,589,308—]. A. VICTOREEN, Cleveland, Ohio. Filed April 30, 1926, issued 
June 15, 1926. 


RADIO-FREQUENCY APPARATUS, consisting of a combined transformer 
and variable condenser unit forming a coupling device for electron tube 
circuits. | 

1,589,344—М. К. AKERS, Troy, Ohio. Filed December 2, 1920, issued 
June 22, 1926. Assigned to Western Electric Company, Incorporated. 


RADIO-SIGNALING SYSTEM, arranged for duplex operation where locally 
transmitted energy is prevented from interfering with reception by means 
of a balanced transformer associating the transmitting and receiving 
apparatus in conjugate relation with respect to a closed loop and open 
antenna. ` 


1,589,483—G. H. PERRYMAN, New York City. Filed November 3. 1925, 
issued June 22, 1926. Assigned to Perryman Electric Company, Incor- 
porated. 


VACUUM TUBE having a brace member for the electrodes within the tube 
for strengthening the electrode support and preventing injury to the 
electrodes as a result of rough handling. 


` 1,589,925—R. R. BATCHER, Jamaica, New York. Filed December 19, 
1924, issued June 22, 1926. Assigned to А. Н. Grebe & Company, Incor- 
porated. 

RADIO-RECEIVING APPARATUS of the superheterodyne type in which 
a single control is provided for securing straight line frequency variation 
in the receiving system. 


1,589,927—А. Е. BEATTIE, Manzanillo, Cuba. Filed April 7, 1925, issued 
June 22, 1926. 


THERMIONIC VALVE having stout annular glass envelope with electrodes 
arranged therein for high power operation. 


1,589,946—E. G. DANIELSON, San Francisco, California. Filed May 19, 
1925, issued June 22, 1926. Assigned to E. T. Cunningham. 


RADIO-TUNING DEVICE, where a plurality of condensers are geared 
together for simultaneous control. 


1,589,979—D. G. McCAA, Lancaster, Pennsylvania. Filed June 25, 1924, 
issued June 22, 1926. Assigned to The Electric Apparatus Company. 


RADIO SYSTEM, having a plurality of electron tube circuits arranged for 
reduction of static disturbances where signaling energy is received in a 
path having a natural period longer than the period of the received oscil- 
lations, the natural period of the path being changed by the effect upon 
the reactance thereof by regularly produced oscillations. 


1,590,198—D. G. McCAA, of Lancaster, Pennsylvania. Filed January 19, 
1925, issued June 29, 1926. Assigned to The Electric Apparatus Com- 
pany. 

RADIO SYSTEM for the separation of undesired signals from desired signals, 
where a receiving circuit is provided with a path having inductances in 
parallel with a circuit for selectively amplifying the energy traversing 
one of the inductances to vary its reactance to the said signaling energy. 
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1,590,224—1.. C. BLUME, Chicago, Illinois. Filed June 28, 1923, issued 
June 29, 1926. 

RADIO DETECTOR, in which a readily adjustable mounting is provided 
for the cat whisker on a U-shaped supporting member for establishing 
contact with a crystal. 


1,590,236—H. GERNSBACK, New York City. Filed September 18, 1924, 
issued June 29, 1926. 

CRYSTAL DETECTOR, where a contact device in the form of a flat spring 
is provided with a point which engages a crystal where the crystal is 

secured in a cup readily movable under the contact. 


1,590,346—L. M. CLEMENT, East Orange, New Jersey. Filed September 
25, 1920, issued June 29, 1926. Assigned to Western Electric Company. 

RADIO DIRECTION FINDING, including a system of undamped wave 
transmission where a continuous wave is modulated in accordance with 
a wave having a cyclically and continuously varying frequency for 
insuring rectilinear propagation in all directions for selective reception 
on a directional receiver. 


1,590,352—]. M. EGLIN, East Orange, New Jersey. Filed June 20, 1924, 
issued June 29, 1926. Assigned to Western Electric Company. 

ELECTRON-DISCHARGE DEVICE, in which a getter is supported within 
the tube by a refractory metal ring extending from one of the electrodes 
for insuring a high degree of vacuum throughout the life of the tube. 


1,590,374—L. C. F. Horle, Newark, New Jersey. Filed January 16, 1926, 
issued June 29, 1926. Assigned to Federal Telephone Manufacturing 
Corporation. 

RADIO TRANSMISSION SYSTEM, which comprises generating at a con- 
trol station a carrier wave of frequency above audibility but of compara- 
tively low order of frequency for line wire transmission, which carrier 
wave is conveyed to the transmitting station and changed in frequency 
to produce a carrier wave of high frequency which is modulated for the 
transmission of signals. 


1,590,678—W. FUHRMANN, Westfield, New Jersey. Filed April 7, 1925, 
issued June 29, 1926. Assigned to Furnell Manufacturing Corporation. 

CONDENSER FOR ELECTRIC CIRCUITS, wherein a pair of evolute 
coll strips are arranged to be shifted one within the other for varying the 
exposure therebetween and correspondingly the electrical capacity 
between the strips. 


D-70,407 —ROBERT D. DUNCAN, JR., East Orange, New Jersey. Filed 
March 29, 1926, issued June 22, 1926. Assigned to Wired Radio, Incor- 
porated, of New York City. 

WIRED RADIO RECEIVING APPARATUS for the reception of programs 
broadcasted over line wire circuits. 


1,589,692—E. E. HILER, of Bloomfield, New Jersey. Filed August 27, 1925, 
issued June 22, 1326. Assigned to Irvington Varnish & Insulator Com- 
pany, of Irvington, New Jersey. 

CHOKE COIL AMPLIFICATION UNIT, where a pair of choke coils are 
mounted upon a laminated iron core structure and housed within a casing, 


1,590,428-КОВЕЕТ D. DUNCAN, JR., of East Orange, New Jersey. Filed 
August 25, 1925, issued June 30, 1926. Assigned to Wired Radio, Incor- 
porated, of New York City. 

WIRED RADIO BROADCASTING SYSTEM, in which high-frequency 
currents are super-imposed of line wire circuits and transmitted to a multi- 
plicity of subscriber stations. 
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1,590,413—C. BOL and B. VAN DER POL, Eindhoven, Netherlands. Filed 
June 27, 1924, issued June 29, 1926. Assigned to М. V. Philips’ Gloeilam- 
phenfabrieken. 

ELECTRIC DISCHARGE TUBE of high power construction arranged for 
cooling the electrodes during operation. 


1,590,467—F. S. McCULLOUGH, Wilkinsburg, Pennsylvania. Filed Decem- 
ber 11, 1922, issued June 29, 1926. 
SPACE DISCHARGE DEVICE, including an evacuated vessel with elements 
therein and a circuit for producing extremely high potential from alter- 
" nating current which is impressed upon the elements which are arranged 
for the rectification of the potential thus produced. 


1,590,635—D. а. McCAA, Lancaster, Pennsylvania. Filed May 5, 1925 
issued June 29, 1926. Assigned to The Electric Apparatus Company. 

RADIO SYSTEM for the reception of signaling energy substantially free of 
of static disturbances. A balanced circuit 1s provided the adjustment of 
which is disturbed by incoming oscillations to effect operation of a respon- 
sive device to the exclusion of static disturbances. 


ISSUED JUNE 22, 1926—AUGUST 31, 1926 


1,507,120—C. H. TEEGARDEN, Buffalo, N. Y. Filed July 10, 1924, issued 
August 24, 1926. 
INDICATOR MECHANISM for radio receiving apparatus, whereby 
the frequency setting for any particular station may be readily deter- 
mined and logged for immediate adjustment of the receiver for the par- 
ticular transmitting station. 


1,597,247 —E. C. RANDLE, Cincinnati, Ohio. Filed October 19, 1923, issued 
August 24, 1926. 
RADIO INSIDE AERIAL, in which a strip is wound upon a rectangular 
frame in spiral formation and the turns are spaced from the frame for 
eliminating dielectric losses. 


1,597,291—J. A. ROSEMOND, Charleston, South Carolina. Filed February 
24, 1925, issued August 24, 1926. 
CAPACITY UNIT, in which a plurality of condenser plates are mounted 
in compact relationship with plates of opposite potential, alternately 
positioned and secured upon bars which are substantially insulated from 
the plates. 


1,591,177 —E. MINGE, Chicago, Illinois. Filed May 22, 1922, issued July 6, 
1927. 
RADIO CONDENSER formed in a plug which may be screwed into an 
electric light socket. The condenser is formed by a plurality of separate 
insulated disposed in the plug. 


1,592,834—G. W. LILIENTHAL, New York City. Filed April 21, 1925, 
issued July 20, 1926. Assigned to Wireless Radio Corporation. 


CONDENSER, in which the rotor and stator plates are mounted upon 
the same end plate and insulated with respect to each other. 


1,592,901 —R. S. OHL, New York City. Filed May 23, 1924, issued July 29, 
1926. Assigned to American Telephone and Telegraph Company. 


OSCILLATOR for generating high frequency currents, in which a har- 
monic producing transformer having primary and secondary windings is 
arranged with its primary connected to a generator of low frequency 
oscillations and its secondary connected with a circuit tuned to a fre- 
quency which is a multiple of the frequency of said generator with a cir- 
cuit for producing a sharp cut-off characteristic in the wave form pro- 
duced in the secondary for securing shock excitation in the tuned circuit. 
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1,591,621--А. S. ALBRO, Washington, D. C. Fied September 12, 1922, 
issued Juiy 6, 1926. 
STATIC ELIMINATING SYSTEM, in which a Faraday cage is em- 
рісуесі as part of tne гасуо frequency energy Couectng system and the 
receiving apparatus connected thereto, the cage ажсп аз an unice 
vertical antenna 


1,591.717—J. W. MARDEN, East Orange, New Jersey. Fed September 28, 
1922, issued July 6, 1926. Ass:gned to West:ngnouse Electric Б. Manu- 
facturing Company. 

ELECTRON EMISSION MATERIAL AND METHOD OF MANU- 
FACTURE, wherein tantalum wire is provided with a uniform mre 
of metalic tantalum and aixa::ne earth material. 


1,592,075—B. BRUSKIN, Brooklyn, New York. Filed May 9, 1924, issued 
July 13, 1926. 
ELECTRON TUBE, which includes a plurality of sets of electron tube 
elements within the same vessel. The patent relates to a particular 
construction of tube by which the elements аге ma:ntaned in compact 
reiationsD:p. 


1,592,234— J. SCOTT-TAGGART, Bolton, England. Filec October 26, 1920, 
issued July 13, 1926. 
VACUUM TUBE FOR RADIO APPARATUS, in which the cathode is 
supported by means of a device fastened to a portion oí the glass envelope. 


1,592,272—M. J. KELLY, New York City. Filed April 13, 1923, issued July 
13, 1926. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE for high power operation. wherein 
the electrodes are supported from a central tubular member within the 
tube by means of a соПаг which surrounds and grips the central tubular 
member. 


1,592,364—W. С. HOUSKEEPER, New York City. Filed April 26, 1921, 
issued July 13, 1926. Assigned to Western Electric Company. 
IONIZATION MANOMETER for measuring exceedingly minute pres- 
sures such as are present in vacuum tubes. Alternative positive and 
negative potentials are impressed upon the grid and plate electrodes, 
while maintaining one of the electrodes at a predetermined potential and 
measuring the resultant current in the circuits of the tube. 


1,593,387 —G. SEIBT, Berlin Schoneberg, Germany. Filed August 26, 1925, 
issued Juiy 13, 1926. 
ELECTRIC DISCHARGE TUBE, having a heated cathode and a 
plurality of grid like electrodes arranged in spaced and substantially 
parallel planes. 


1,592,546—L. B. VICTOR, New York City. Filed May 14, 1924, issued July 
13, 1926. 
VERNIER PLATE CONDENSER, having rotor and stator elements 
arranged to be interleaved with respect to each other with an independent 
vernier plate arranged to be shifted with respect to the sets of plates for 
actively adjusting the capacity of the condenser. 


1,592,554—А. A. BURNS, Elizabeth, New Jersey. Filed October 4, 1924, 
issued July 13, 1926. Assigned to Garod Corporation. 
NEUTRALIZING CONDENSER for securing exceedingly fine de- 
grees of capacity adjustment in amplifier circuits where the condenser 
consists of an interiorly threaded tubular member of insulating material 
with metallic bushings in opposite ends of the screw threaded tubular 
member adjustable with respect to each other for fixing the capacity of 
the condenser. 
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1,592,612—Е. W. MEYER, Brunswick, Germany. Filed December 8, 1924, 
issued July 13, 1926. Assigned to General Electric Company. 


RELAY SYSTEM, including an electron tube arranged to have the poten- 
tial of its grid changed from a non-operative to an operative value in 
response to an operation which may be performed either manually or 
automatically for effecting the closing or opening of a circuit. The tube 
has a cathode and anode with an insulated grid there between with an 
ionizable medium having its pressure regulated to cause a relay to be 
operated at a predetermined time after the supply of energy to the tube 
circuits. 


1,592,628—W. Е. EINTHOVEN, Delft, Netherlands. Filed October 21, 
1922, issued July 13, 1926. Assigned to Nederlansch-Indie. 


RECEIVING OF RADIO SIGNALS, where an electrical circuit is pro- 
vided for taking up the oscillations of a string gelvanometer individually 
tuned mechanically to the radio frequency of the incoming signals. The 
vibrations of this string are observed for determining the signals. 


1,592,710—]. SCOTT-TAGGART, Bolton, England. Filed July 5, 1921, 
issued July 13, 1926. 


MODULATION SYSTEM, comprising a circuit in which the conduc- 
tivity of a two-electrode rectifier to radio frequency currents is controlled 
by impressing low frequency modulating currents on the anode voltage 
and applying a steady negative potential thereto of a value which will 
substantially prevent the flow of radio frequency currents while no modu- 
lating currents are impressed upon the anode voltages. 


1,592,738—N. LEA, Strand, London, England. Filed March 3, 1926, issued 
July 13, 1926. 


ELECTRIC COUPLING DEVICE FOR THERMIONIC VALVES. 
which consists of a mounting which includes a condenser, a resistance wind- 
ing wound on a bobbin and a removable resistance unit centrally posi- 
tioned within the bobbin. 


1,592,775--О. G. LISSEN, Jersey City, New Jersey. Filed January 12, 1924, 
issued July 13, 1926. 


VARIABLE CONDENSER, comprising a plurality of stator plates and 
a plurality of sets of movable plates co-acting therewith where one 
set of movable plates has a greater capacity than the other. The movable 
plates may be either independently or simultaneously rotated. 


1,592,925—F. CARBENAY, Paris, France. Filed April 4, 1924, issued July 
20, 1926. 


SYSTEM OF RADIO SIGNALING, in which a receiver is provided with 
a tapped inductance coil with socket members for the insertion of a plug 
by which desired portions of the inductance may be conveniently included 
in the circuit. 


1,592,934—R. V. L. HARTLEY, East Orange, New Jersey. Filed May 29, 
1918, issued July 20, 1926. Assigned to Western Electric Company. 


MEANS FOR MODULATING HIGH FREQUENCY OSCILLA- 
TIONS, where the high-frequency oscillations are generated by an elec- 
tron discharge device and a potential varying in audio frequencies is sup- 
plied to the plate circuit for controlling the operation of the transmitter. 


1,593,033—G. M. PROUDFOOT, Chicago, Illinois. Filed Aug 1, 1924, issued 
July 20, 1926. Assigned to Cruver Manufacturing Company. 


CASING FOR MECHANISM, in which a pair of end plates are pro- 
vided with annular grooves into which a cylindrical side strip is disposed 
and engaged therein for enclosing the apparatus. 
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1,593,269—H. J. ROUND, London, England. Filed March 30, 1922, issued 
July 20, 1926. Assigned to Radio Corporation of America. 
RADIO TELEGRAPHY, in which а number of short wave transmitting 
stations are arranged in such relation to each other that short gaps may be 
bridged by successive reception and re-radiation of the waves for estab- 
lishing the long-distance communication channel. 


1,593,276—]. McW. STONE, Chicago, Illinois. Filed December 1, 1924, 
issued July 20, 1926. Assigned to Operadio Corporation. 
RADIO DIRECTION FINDER, which is combined with a magnetic 
compass by which the position of the loop may be determined at all times. 


1,593,361—R. A. RIDENOUR, College Corner, Ohio. Filed June 28, 1924, 
issued July 20, 1926. 
RADIO RECEIVING APPARATUS, including a plurality of electron 
tubes connected in selective circuits, in which the signal energy is initially 
partially detected and the undetected portion amplified, followed by the 
steps of redetecting the same wave and amplifying the ensuing audio fre- 
quencies. 


1,593,483—M. YAMAMOTO, Glen Head, New York. Filed March 7, 1924, 
issued July 20, 1926. 
ELECTRON DISCHARGE DEVICE, in which a plurality of sets of 
cylindrical electrodes are mounted within an electron tube by means of 
an insulated spacing member. 


1,593,538--М. MATHIESEN, Chicago, Illinois. Filed May 29, 1925, issued 
July 20, 1926. Assigned to Mathiesen-Sandberg Company. 
COLLAPSIBLE LOOP AERIAL, in which a series of turns are spaced 
upon a frame and the frame arranged to be folded for securing desired 
portability. 


1,593,662—A. MEISSNER, Berlin, Germany. Filed September 3, 1921' 
issued July 27, 1926. Assigned to Gesellschaft fur Drahtlose Telegraphie. 
SENDING ARRANGEMENT, in which undesired oscillations in the 
transmitting antenna are absorbed by a trap circuit while permitting the 
radiation of desired frequencies. 


1,593,837—G. A. MATHIEU, London, England. Filed March 10, 1922, 

issued July 27, 1926. Assigned to Radio Corporation of America. 
RADIO SIGNALING SYSTEM for the operation of a relay at a receiving 
station where a plurality of electron tubes are arranged in a stabilized 
circuit for the control of the relay without interference from undesired 
oscillations. 


Re-16,385—Ralph Bown and Edward L. Nelson, East Orange, New Jersey. 
- Original filed April 26, 1921; reissue filed June 4, 1926, issued July 20, 1926. 
Assigned to American Telephone and Telegraph Company. 
RADIO WIRE CONNECTING CIRCUITS for establishing a link be- 
tween wire lines and radio systems for permitting use of the telephone net- 
work as the connecting medium between a subscriber and the radio sta- 
tion by which both the line wire and space gap may be bridged in a com- 
munication channel. 


1,594,060—J. HUFF, New York City. Filed June 21, 1918, issued July 27, 
1926. Assigned to General Electric Company. 


HOT FILAMENT MAGNETIC RECTIFIER, comprising an evacuated 
container with two electrodes capable of emitting electrons of an elevated 
temperature, and a cooperating electrode. An alternating current supply 
is connected across the two electrodes. А magnetic field is produced to 
direct the flow of electrons from each of the two electrodes to the co 
operating electrode. 
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1,594,124—J. E. SHRADER, Edgewood Park, Pennsylvania. Filed Decem- 
ber 13, 1920, issued July 27, 1926. Assigned to Westinghouse Electric & 
Manufacturing Company. 
CONDENSER, formed by a stack of alternate unimpregnated solid dielec- 
tric and conducting material which are secured under pressure and then 
subjected to a combined heat and vacuum treatment after which the con- 
denser is impregnated with insulating compound. 


1,594,179—S. LOEWE, of Berlin, Germany. Filed August 26, 1921, issued 
july 27, 1926. Assigned to Westinghouse Electric & Manufacturing Com- 
pany. 
VACUUM TUBE, in which a plurality of paths of thermionic current are 
provided,one of the paths being arranged to control the operation of the 
other path for the production of oscillations. 


1,594,846—E. Е. NORTHRUP, Princeton, New Jersey. Filed June 18, 1917, 
issued August 3, 1926. Assigned to Ajax Electrothermic Corporation. 
DISCHARGE GAP, in which there is arranged a solid electrode and mer- 
cury in the presence of air at approximately atmospheric pressure with a 
non-carbonizable vapor mingled with the air. 


1,594,699—W. K. THOMAS, Crafton, Pennsylvania. Filed September 12, 
1922, issued August 3, 1926. 
RADIO RECEIVING SET, including a cabinet containing a detecting 
unit with guides formed within the cabinet, and a plurality of terminals in 
line with the guides so that terminals on the panel will cooperate with 
terminals on the cabinet for completing the electrical circuits. 


1,594,700—А. С. TRIGG, London, England. Filed June 15, 1926, issued 
August 3, 1926. 
VARIABLE CONDENSER FOR RADIO TELEPHONY, where ro- 
tatable plates are arranged for independent movement in the manner of 
a fan for varying the electrical capacity with respect to a set of stationary 
plates. 


1,595,166—O. CHELLER, Berlin, Germany. Filed February 3, 1925, issued 
August 10, 1926. Assigned to C. Lorenz, Aktiengesellschaft. 


MULTIPLE ANTENNA, in which a plurality of conductors are radially 
positioned and extend from a relatively high central point to lower eleva- 
tions. Down leads are provided at points along the conductors in which 
inductances are interposed, the points of connection of the down leads de- 
creasing in spaced relationship in proportion to the height of the conductor. 


1,595,184—W. FUHRMANN, Westfield, New Jersey. Filed December 30, 
1924, issued August 10, 1926. Assigned to The Furnell Manufacturing 
Corporation. 


CONDENSER FOR ELECTRIC CIRCUITS, in which the movable and 
stationary plates comprise single flat strips of material curbed in the gen- 
eral form of an evolute arranged on frame structures for reciprocal motion 
of one coil with respect to the other. 


1,595,729—A. PRESS, Wilkinsburg, Pennsylvania. Filed June 17, 1920, 

issued August 10, 1926. Assigned to Westinghouse Electric & Manufac- 
turing Company. 
RECEIVING SYSTEM, in which an electron tube is provided having 
a grid plate circuit and a grid cathode circuit, the grid being rendered 
positive with respect to both the plate and cathode. The signal impulses 
in the grid cathode circuit affect the grid plate circuit to increase the 
amplitude of current therein, while during non-signaling periods the cur- 
rent in the grid plate circuit is reduced to a negligibly small value by the 
proper arrangement of the potentials on the tube electrodes. 
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issued August 10, 1926. Assigned to Westinghouse Electric & Manuíac. 
turing Company. 

BALANCED REGENERATIVE DETECTOR, where an electron 
tube has two of its electrodes maintained at a common potential, while the 
third electrode is charged positively with respect to the common potentia! 
of the two electrodes, the electrodes being regeneratively coupled to 
improve sensitivity. 


.595,777—]. Н. HAMMOND, JR., Gloucester, Massachusetts. Filed May 


6, 1918 original., issued August 10, 1926. 

MEANS FOR CHANGING THE INTENSITY OF SIGNALS IN 
RADIODYNAMIC RECEIVING SYSTEMS, in which a leak path 
across the grid condenser is provided which consists of a thermionic valve 
in shunt with the grid condenser, whereby the functioning voltage of the 
shunt may be varied. 


.595,794— D. С. LITTLE, Edgewood Park, Pennsylvania. Filed June 30. 


1921, issued August 10, 1926. Assigned to Westinghouse Electric and 
Manufacturing Company. 

RADIO TELEPHONE SYSTEM, in which an electron tube oscillator 
circuit has bridged across the grid and plate elements thereof a circuit 
including a condenser and microphone, the microphone operating to vary 
the effective capacity of the condenser for modulating the oscillator. 


.595,810—C. T. ALLCUTT, Pittsburgh, Pennsylvania. Filed December 13, 


1919, issued August 10, 1926. Assigned to Westinghouse Electric & 
Manufacturing Company. 

PLATE CONDENSER ELEMENT AND METHOD OF MANUFAC. 
TURE THEREFOR, in which the condenser plates are spaced by soft 
metallic members which may be pressed into such thickness that the 
plates are uniformly spaced apart and secured in position. 


.595,870-Е. Y. ROBINSON, Manchester, England. Filed March 29, 1924. 


issued August 10, 1926. Assigned to Metropolitan-Vickers Electrical 
Company, Limited. 

ELECTRIC VACUUM TUBE AND THE LIKE for high power opera. 
tion where the failure of the supply of cooling waters to the anodes oí the 
high power tubes is avoided by the provision of an auxiliary supply of 
cooling fluid. In the event that the main water supply becomes 1порега- 
tive the auxiliary water supply is automatically placed in operation for 
saving the tube from destruction. 


.596,093—R. C. GALLETTI, Murs, France. Filed August 23, 1921, issued 


August 17, 1926. 

SYNTONIZATION OF CIRCUITS USED IN RADIO SIGNALING, 
in which the characteristics of frequency and wave shape of the current in 
several circuits is completely in accord by the specific relation of the in- 
ductance capacity and resistance elements of the circuits. 


.596,198—$. LOEWE, Berlin, Germany. Filed March 19, 1921, issued 


August 17, 1926. Assigned to Western Electric. 

SYSTEM FOR GENERATING OSCILLATIONS, in which an electron 
tube functioning both as an amplifier and an oscillator, is arranged in 
circuit with an antenna system for transmitting oscillations to the output 
circuit of the electron tube system at a frequency substantially independ- 
ent of variations in the load. 


,596,374—W. H. PREISS, Belmont, Massachusetts. Filed June 6, 1921. 


issued August 17, 1926. Assigned to Wireless Specialty Apparatus Сот- 
pany. 

ELECTRICAL CONDENSER AND METHOD OF MAKING THE 
SAME, in which a stack of condenser sections are secured under pressure 
within a casing with a heat radiating member extending from the upper 
pressure plate for preventing undue rise in teinperature in the condenser. 
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1,596,636—A. H. TAYLOR, Washington, D. C. Filed July 2, 1920, issued 
August 17, 1926. Assigned to Wired Radio, Incorporated. 
RADIO RECEIVING CIRCUIT, in which antennae of differing charac- 
teristics are extended in opposite directions and connected adjacent their 
inner ends with receiving apparatus with a circuit at the receiver for ren- 
dering the reception highly directional and receptive in one directior 
while non-receptive in the opposite direction. 


1,596,692--А. LUCKASH, Morann, Pennsylvania. Filed February 5, 1924, 
issued August 17, 1926. 
AUDION TUBE, in which the electrodes are supported on annular frame 
structures concentrically arranged within the electron tube. 


1,596,875—L. A. HAMMARLUND, New York, N. Y. Filed Fenruary 14, 
1924, issued August 24, 1926. Assigned to Hammarlund Manufacturing 
Company. 

VARIABLE CONDENSER, in which the rotor shaft may be moved 
through small increments by means of a rock shaft independent of the 
rotation of the rotor shaft. 


1,596,984—A H. MARKS, New York, N. Y. Filed March 26, 1923, issued 
August 24, 1926. 


METHOD AND APPARATUS FOR BROADCASTING, in which the 

performer is enabled to listen to the results of actual reception at a broad- 

cast receiver for thereby securing the proper expression of the compositic n 
. being transmitted. 


1,597,379—F. A. KOLSTER, Washington, D. C. Filed May 29, 1919, issued 
August 24, 1926. Assigned to Federal Telegraph Company. 


RADIO METHOD AND APPARATUS for transmission and reception 
systems, in which a closed circuit including capacity and a divided in- 
ductance coil for absorbing energy directly from the media is provided. 
A coupling coil is connected between the parts of the inductance coil and 
in series with the closed circuit. Receiving apparatus is connected to the 
coupling coil and an antenna is connected to a point intermediate the 
terminals of the coupling coil. The circuit permits selective reception of 
signals in a particular direction. 


1,597,398—L. T. WILSON, West Somerville, Massachusetts. Filed May 1, 
1920, issued August 24, 1926. Assigned to Powel Crosley, Jr. 


OSCILLATION CIRCUIT, including a plate circuit having two plates: 
a cathode circuit and a grid circuit with a transformer arranged to have 
its primary connected to the alternating current source and having the 
ends of its secondary connected with the plates. The grid circuit is tapped 
into the secondary of the transformer in such manner that the voltage in 
the grid circuit is opposite to the voltage applied to the plate circuit. 


1,597,416—C. B. MIRICK, Washington, D. C. Filed September 1, 1923, 
issued August 24, 1926. 


ELECTRICAL DISTANT CONTROL SYSTEM for effecting the 
operation of any desired circuits of a plurality of circuits at a distant 
receiver {гот a transmission station. The transmitter is modulated at 
different frequencies for effecting transmission of different control signals 
and at the receiver these signals actuate particular relays to the exclusion 
of other relays for controlling a particular circuit. 


1,597,431—W. В. BURGESS, Washington, D. C. Filed May 14, 1923, issued 
August 24, 1926. 
RADIO RECEPTION SYSTEM, wherein the capacity effect of the leads 
from the electron tube amplifier circuits of the receiver to the batteries 
is substantially eliminated by interposing radio frequency choke coils in 
the battery leads so that radio frequency is eliminated from the battery 
supply system. 
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,597,591—F. G. FREESE, Aldan, Pennsylvania. Filed February 6, 1925, 
issued August 24, 1926. 
RADIOCONDENSER, in which the plates of a variable condenser may 
be apertured for decreasing the metallic area of the plate exposed to each 
other for fixing the capacity of the condenser. 


1,597,643—C. P. WIEGNER, Donnellson, Iowa. Filed January 19, 1925, 
issued August 24, 1926. 
RADIOTUBE, including a base from which a U-shaped member pro- 
jects for supporting the electrodes within the tube structure. 


1,597,764—G. H. CLARK, Brooklyn, New York. Filed July 1, 1922, issued 
August 31, 1926. Assigned to Radio Corporation of America. 
ARC GENERATOR, where the arc discharge takes place within an еп- 
closed chamber to which volatile liquid is supplied, and liquid is fed to the 
arc by a drip gravity feed system from a vessel where the pressure is 
equalized with respect to the pressure in the arc chamber. 


1,597,825—V. D. Renwick, Camden, New Jersey. Filed October 16, 1924, 
issued August 31, 1926. 
DETECTOR of the crystal type for mounting upon the rear of a panel 
to which a plurality of conductors establish contact with the rectifying 
element within a hermetically closed casing. 


1,597,829—H. J. ROUND, London, England. Filed June 12, 1922, issued 
August 31, 1926. Assigned to Radio Corporation of America. 
OSCILLATION GENERATOR, in which a rotary commutator having 
a plurality of segments and brushes are connected in separate circuits for 
building up increments of current into oscillations. 


1,597,835— JJ. E. SHRADER, Pittsburgh, Pennsylvania. Filed May 24, 1921, 
issued August 31, 1926. Assigned to Westinghouse Electric & Manufac- 
turing Company. 

LEAKY CONDENSER, in which a coil is wound upon an electrode, 
but insulated therefrom, the electrode serving as one terminal and the 
coil serving as the opposite terminal. 


1,597,848-Е. A. WEAGANT, New York, М. Y. Filed October 6, 1920, 
issued August 31, 1926. Assigned to Radio Corporation of America. 
METHOD AND APPARATUS FOR RADIO SIGNALING, in which 
two antennae of different types are employed and the signal and static 
currents geometrically combined for eliminating the effects of the static 
currents. 

1,597,893—H. K. HUPPERT, San Francisco, California. Filed June 11, 
1924, issued August 31, 1926. 

RADIO TUBE, including a pair of sets of independent electrodes sup- 
ported by means of Y members within the tube. 

1,597,910—M. LOCK, Berlin, Germany. Filed December 5, 1922, issued 
August 31, 1926. Assigned to Gesellschaft fur Drahtlose Telegraphie. 
CONTROLLING ARRANGEMENT FOR TUBE SENDERS SUP. 
PLIED WITH ALTERNATING CURRENT, in which an inductive 
resistance is connected in the plate circuit and a direct current circuit 
coupled to the inductive resistance for magnetizing it and varying the 
value of the resistance for the production of signals. 


1,598,000--). NILSON and J. Е. PRINCE, Chicago, Illinois. Filed October 
1, 1924, issued August 31, 1926. 


RADIO CONDENSER ADJUSTMENT, wherein a number of variable 
condensers are operated simultaneously through а system of gears. 


1,598,226—P. WARE, New York, М. Y. Filed February 8, 1918 (original), 
issued August 31, 1926. Assigned to Ware Radio, Incorporated. 
DUPLEX CUT-IN SYSTEM OF RADIO TELEGRAPHY, where the 
two inter-communicating stations are arranged for continuous wave oper- 
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ation and signals are transmitted on different frequencies and {Ее receiver 
is provided with an oscillator for producing oscillations for comkining 
with the incoming oscillations. The sending key controls both the out- 
going oscillations and the detecting means to enable simultaneous radia- 
tion of oscillations and reception of incoming signals with the key in 
determined position, said key controlling the transmission of signals. 


1,598,227 —P. WARE, New York, М. Y. Filed February 8, 1918 (original), 
issued August 31, 1926. Assigned to Ware Radio, Incorporated. 
CUT-IN SYSTEM OF RADIO TELEGRAPHY, whereby simultaneous 
transmission and reception may be effected from the same antenna- 
ground circuit. The transmitting key controls the receiver in such man- 
ner that incoming signals can only be normally detected when the key 
is in normal position for sending signals. 


1,598,144-- А. LEIB, Berlin, Germany. Filed May 3, 1922, issued August 31, 
1926. Assigned to Gesellschaft fur Drahtlose Telegraphie. 
RADIO RECEIVING APPARATUS, for determining direction of in- 
coming signals in which a circuit which includes a balancing antenna and 
a loop circuit which are employed for securing accuracy in the location 
of the transmitter. 


1,598,526—L. A. JENNY, Dumont, New Jersey. Filed May 17, 1924, issued 
August 31, 1926. i 
RADIO TUNING DEVICE, in which the inductance coils of a tuning 
circuit are disposed about an electron tube for the purpose of reducing 
the length of the connectors to a minimum. 


1,591,019—R. C. DA COSTA, Philadelphia, Pennsylvania. Filed April 2, 
1920, issued July 6, 1926. Assigned to Atwater Kent Manufacturing 
Company. 

CONDENSER AND HOLDER THEREFOR for automobile ignition 
systems, in which a rolled condenser is secured within a holder by means 
of a resilient bearing member. 


1,591,025 -R. D. DUNCAN, JR., East Orange, New Jersey. Filed July 24, 
1925, issued July 6, 1926. Assigned to Wired Radio, Incorporated. 
DUPLEX RADIO TELEPHONE SYSTEM, by which signals may Ее 
transmitted and received on closely adjacent antenna systems without 
interference from side tones. А three-phase high frequency source is 
provided at the transmitter and one of the phases 1s impressed upon the 
receiving system for neutralizing the effects of the components of the 
other phases of the source upon the receiving apparatus. 


1,591,131 J. J. JAKOWSKY, Pittsburgh, Pennsylvania. Filed April 30, 
1924, issued July 6, 1926. Assigned one-fourth to A. B. McCall. 
DIELECTRIC SUPPORTING PLATE FOR VARIABLE AIR CON. 
DENSERS, wherein a strip of skeleton formation 1$ secured to the stator 
plate supports for providing bearings for the rotor plates with minimum 
dielectric losses. 


D-70,750 WILLIAM H. GERNS, East Orange, New Jersey. Filed May 25, 
1926, issued August 3, 1926. Assigned to Brandes Laboratories, Incor- 
porated. 

DESIGN FOR POWER SPEAKER CABINET. in which the complete 
power equipment and cone speaker is housed as a portable unit for con- 
nection to the output circuit of a radio receiving apparatus. 


1,597,711- WALLACE A. BARTLETT, London, England. Filed Septernber 

19, 1925. Issued August 31, 1926. Assigned to Brandes Laboratories, 
Incorporated. 
ADJUSTABLE ELECTROMAGNETIC SOUND REPRODUCERS, 
where the electromagnetic driving force is adjustable with respect to the 
sound reproducing diaphragm. The structure of this patent is the feature 
of the adjustable table talker developed by the Brandes organizations. 


PROCEEDINGS OF 
Che Institute nf Radin Engineers 


Volume 14 DECEMBER, 1926 Number 6 
CONTENTS 
Рас 
OFFICERS AND BOARD OF DIRECTORS 508 в Oe > cu^ ж mr А x. 20 
COMMITTEES кл д Жой. «ж. Ж в. iR om 52505 2. e 
INSTITUTE AFFAIRS | yox ОК 
J. C. WARNER AND А. V. LoUGHREN, “Тнк Ov "TPUT ORNARE TERISTICS 
OF AMPLIFIER TUBES’ . 435 
SYLVAN Harris, “NOTES ON THE Dean OF Raines EONA 
COUPLED AMPLIFIERS” " . 759 
М. BAUMLER, “SIMULTANEOUS douane руте RBANCES IN Kanio 
ТЕБЕСВАРНУ” и 7% моз, лы xu эр. EDO 
О. C. Roos, “SIMPLIFIED s. L. F. AND 5. L. W. Disen” E lg . 773 
L. W. AvsTIN AND I. J. Wymore, “RADIO SIGNAL STRENGTH AND 
TEMPERATURE" . . і 4. ^ жо ол а коз o “EST 
L- А. HazELTINE, "PREFERRED NUS MBERS" | . . 189 


Jonn В. Brapy, “DIGESTS oF UNITED STATES Parents RELATING TO 
Каро TELEGRAPHY AND TELEPHONY, Issued September 7, 1926- 
October 26, 1926" . . . E. ur n ko. ue ВО 


At the end of this number are the title page, page of general information 
and Table of Contents pages for the entire Volume 14 (1926) of the PRO- 
CEEDINGS. These last may be suitably placed at the beginning of the vol- 
ume for binding. 


GENERAL INFORMATION 


The РвосвЕртков of the Institute are published every two months and 
contain the papers and the discussions thereon as presented at the meetings 
and at the Sections in the several citieslisted on the following page. 

Payment of the annual dues bv а member entitles him to one copy of 
each number of the PROCEEDINGS issued during the period of his membership. 

Subscriptions to the PRocEEDINGS are received from non-members at the 
rate of $1.50 per copy or $9.00 per year. To foreign countries the rates are 
$1.60 per copy ог $9.60 per year. А discount of 25 per cent is allowed to 
libraries and booksellers. 

The right to reprint limited portions or abstracts of the articles, discus- 
sions, or editorial notes in the PROCEEDINGS is granted on the express con- 
ditions that specific reference shall be made to the source of such material. 
Diagrams and photographs in the PROCEEDINGS may not be reproduced with- 
out securing permission to do so from the Institute thru the Editor. 

It is understood that the statements and opinions given in the PRocEED- 
INGS are the views of the individual members to whom they are credited, and 
are not binding on the membership of the Institute as а whole. 


PUBLISHED BY 
THE INSTITUTE OF RADIO ENGINEERS, INC. 
37 WEST 39TH STREET, NEW YORK, М.” 


OFFICERS AND BOARD OF DIRECTION, 1926 
(Terms expire January 1, 1927; except as otherwise noted) 


PRESIDENT 
DoNALD МсХісоі, 


JUNIOR PAST-PRESIDENTS 
J. H. DELLINGER 
(Term expires January 1, 1928) 
J. H. Morecrorr 
VICE-PRESIDENT 
Катрин Bown 
TREASURER SECRETARY 
WanntEN Е. HUBLEY ALFRED N. GOLDSMITH 
PUBLICATION OF “PROCEEDINGS” 
ALFRED №. GOLDSMITH, editor 
GEORGE К. METCALFE, assoc. editor 
MANAGERS 
(Serving until January 1, 1927) 

Ілоуүр ESPENSCHIED L. A. HAzELTINE 
А. Н. бкеве J. V. L. HOGAN 
GEORGE LEWIS 
(Serving until January 1, 1928) 


MELVILLE EASTHAM — А. Е. ВЕОСН 
(Serving until January 1, 1929) 
К. H. MARRIOTT L. E. WHITTEMORE 
WASHINGTON SECTION 
CHAIRMAN SECRETARY-TREASURER 
А. Horr TAYLOR F. P. (тнщ, 1112 Conn. Ave., Washingt on, D. C 
BOSTON SECTION 
CHAIRMAN SECRETARY-TREASURER 
GEORGE W. Pierce Мкіхилк Кахтнам, 11 Windsor St., Cambridge, Mass. 
SEATTLE SECTION 
CHAIRMAN SECRETARY-TREASURER 
JOUN GREIG R. B. WILSON, 1132 Highland Ave., Bremerton, 


Washington 


SAN FRANCISCO SECTION 


CHAIRMAN SECRETARY-TREASURER 
J. F. DILLON D. B. MeGows, Custom House, San Francisco, Cal. 
CHICAGO SECTION 
CHAIRMAN SECRETARY т. 
G. M. WILCOX H. E. Кнлх2, ТОЗ N. 5th Ave., Maywood, Illinois 
CANADIAN SECTION 
CHAIRMAN SECRETARY 
D. HEPBURN, C. C. MrEnEbrTH, 110 Chureh St., Toronto 
PHILADELPHIA SECTION 
CHAIRMAN | SECRETARY О, 
J. C. Vas Tors Davin P. GvrLErTE, 1533 Pine Street, 


Philadelphia, Pa. 
ROCHESTER, N.Y., SECTION 


CHAIRMAN SECRETARY Zn" 

V. М. GRAHAM Harvey Косми, 31 Clinton Ave. N., Rochester, №. Y. 
LOS ANGELES SECTION 

CHAIRMAN SECRETARY oF 

LEE Yount L. ELDEN SMITH, 340 N. Painter Ave., Whittier, Cal. 


724 


TH - mn га 


COMMITTEES OF THE INSTITUTE OF RADIO 
ENGINEERS, 1926 


Committee on Meetings and Papers R. Bown 
К. Н. Marriotr, Chairman EDWARD BENNETT 
J. H. DELLINGER A. J. CARTER 
CaRL DREHER L. W. CHUBB 


D. К. MARTIN 
Енісн HAUSMANN 
Н. Е. Dart 

А. N. GOLDSMITH 
R. A. HEISING 
W. R. G. BAKER 


Committee on Institute Sections 
Davin H. Gace, Chairman 
M. BERGER 
L. Е. FULLER 
L. G. PACENT 
M. C. RYPINSKI 
E. R. SHUTE 
M. B. SLEEPER 


Committee on Admissions 
Блірн Bown, Chairman 
E. H. ARMSTRONG 
А. H. GREBE 
L. A. HAZELTINE 
В. Н. Marriotr 
Евкрк К. VREELAND 


Committee on Revision of the 
Constitution 
J. H. DELLINGER, Chairman 
J. V. Г. Носам 
J. H. MonEcROFT 


Committee on Publicity 
W. С.Н. Емсн, Chairman 
Davip С. CASEM 
Ерслв FELIX 
ARTHUR LYNCH 
R. F. Yates 


Committee on Standardization 


L. E. WHITTEMORE, Chairman 


E. H. ARMSTRONG 


J. H. DELLINGER 
A. N. GOLDSMITH 
J. У. L. HOGAN 

C. B. JOLIFFE 
В.Н. Manson 
есіле McMicHAEL 
К. Н. LANGLEY 

Н. S. OSBORNE 

А. E. ВЕОСН 

Т. В. ВозеЕввосн 
Н. M. TunNER 

L. A. HAZELTINE 
Вожрем WASHINGTON 


Committee оп Membership 


H. F. Dart, Chairman 
М. C. BATSEL 

М. BERGER 

STUART BALLANTINE 
GEORGE BURGHARD 
Davip С. CASEM 
FRANK CoNRAD 

F. A. CANAVACIOL 
Dr. Г. J. Dunn 

C. M. JANSKY, JR. 
А. В. NILSON 

С. І. RICHARDSON 
Cor. J. Е. DILLON 
\. G. H. FiNcH 
В. S. KRUSE 

Е. В. SHUTE 

C. P. Epwarps 

G. S. TuRNER 


Committee оп Finance 


Е. В. Marrony, Chairman 


W. Е. HUBLEY 
M. C. RYPINSKI 


COPYRIGHT, 1926, BY 
THE INSTITUTE OF RADIO ENGINEERS, iNc. 
37 West 39TH STREET 
New York, М. Y. 


727 


INSTITUTE ACTIVITIES 


Lloyd P. Smith 


Mr. Lloyd P. Smith, the author of the paper entitled “Theory 
of Detection in a High Vacuum Thermionic Tube," which 
appeared in the October, 1926, issue of the PRocEEDINGSs is con- 
nected with the Research Department of the General Electric 
Company, at Schenectady, New York. 


Membership Committee 


The Membership Committee, H. F. Dart, Chairman, held a 
meeting at Institute headquarters on the evening of November 
9th. The committee has completed plans looking to a consider- 
able increase in the membership throughout the midwestern 
states. 


Sections Committee 


The Sections Committee, David H. Gage, Chairman, held a 
meeting at Institute headquarters on the afternoon of November 
4th. The committee has been making a thorough study of the 
entire Sections situation with a view to strengthening the ties 
between the Sections and Institute headquarters and with the 
objeet of rendering all assistance possible to Section officers in 
earrving on the work. 


Chicago Section 


The Chicago Section held a meeting on the evening of October 
20th. in the rooms of the Western Society of Engineers, Chicago. 
А paper was delivered by Lieut. Fred H. Schnell on the subject 
“Transmission and Reception on Short Waves." The paper 
dealt with the experiences of Lieut. Schnell while in charge of 
the Short Wave station of the U. S. Navy during a cruise across 
the Расе to Australia. The talk was illustrated with lantern 
slides. 

At this meeting a Membership Committee was appointed, 
made up of J. H. Miller, F. J. Marco, and G. S. Turner. 
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Washington Section 


The Washington Section held a meeting on the evening of 
November 10th in the Conference Room, 8th floor, Department 
of Commerce Building, 19th and Pennsylvania Avenue, Wash- 
ington. А talk was given by Dr. А. Hoyt Taylor on the subject 
"Recent, Developments in High Frequency." 


Dinner Precedes New York Meetings 


Members of the Institute and their engineer guests who 
attend the regular meetings in New York, have been foregathering 
at The Fraternities Club, Madison Avenue and Thirty-seventh 
Street, for dinner. Dinner is served at 6:30 P. M., at $1.25 
per plate. 

The attendance at dinner ranges from sixty to eighty-five 
members. 

The meetings are held on the first Wednesday of each month, 
excepting July and August. Also, the January meeting each 
year is held simultaneously with the Annual Convention. 


October Meeting in New York 


At the October 6th meeting held in the Engineering Societies’ 
Building, New York, a paper was presented by Dr. Alfred N. 
Goldsmith, on the subject ‘‘Reduction in Interference in Broad- 
cast Reception." The paper was illustrated by lantern slides. 

About two hundred and fifty members were present. 


Canadian Section. 


The Canadian Section, Toronto, held a meeting at the Univer- 
sity of Toronto on September 24th, jointly with the Toronto 
Section of the A. I. E. E. 

А paper was presented by Professor T. В. Rosebrugh, entitled: 
“А-с.-а-с. Rectification for Radio Uses," and one by Professor 
Н. W. Price entitled: “Elementary Mathematical Consideration 
of Flter Circuits." 

Oscillographic demonstrations supplemented by loud speaker 
reproductions were given by Professor Price. 

The Section held a meeting on October 6th, at which Mr. 
Е. К. Dalton, of the Hydro-Electric Power Commission gave ® 
talk on: “Radio Applications of the Hydro-Electric Power 
Commission." 

Discussion was participated in by C. L. Richardson, Dr. 
Lucas, G. F. Pipe and others. 
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Membership Committee 


The Membership Committee held a meeting at Institute 
headquarters on the evening of October 4th. Those present 
were. H. F. Dart. Chairman, R. S. Kruse. W. G. H. Finch, M. 
Berger and President McNicol, ex-oficio. The committee has 
done exceceot work this vear as is reflected by the fact that there 
nas Deen a net gain of thirty per cent in members for the year. 


Section Facilities 
M-mbers of the Institute should make note of the names 
and addresses of Section officers so that when opportunity 
presents. on visits to the cities where Sections are organized, 
contacts шау be formed which should benefit the members and 


the Institute. 


October Board Meeting 


At the October 6th meeting of the Board of Direction the 
following were present: D. McNicol. President. К. Bown, Vice- 
president. А. N. Goldsmith. Secretary; W. F. Hubley. Treasurer: 
J. Н. Dellinger. Past President and L. A. Hazeltine. L. E. Whitte- 
more. L. Espenschied. К. Н. Marnott. Melville Eastham, 
Managers. 

The Board approved the election of 78 Associates and 3 
Juniors. 

The report of the Admissions Committee was approved passing 
for transier to Member grade: F. H. Schnell. J. F. Andrews, 
B. E. Shackleford. E. W. Lovejov, E. W. Dunton. L. J. N. 
Du Tri. К. 3. Van Dyke. Also direct election to Member 
grade: Е. H. Ullrich. Dr. George Seibt and F. С. Wright. 


Annual Convention 


The personnel of the Convention Committee which will 
arrange for the annual meeting and convention to be held about 
the middle of January is: Douglas Rigney. Chairman. and Meade 
Brunet. L. M. Clement. Q. A. Brackett. P. H. Boucheron. J. H. 
Deiünger. D. С. Сззеш. J. D. В. Freed. Н. Е. Dan. О. E. 
Dunlap. Keith Henney. W. E. Harkness. W. С.Н. Finch. I. К. 
Rodman. M. €. Rypinski. М. А. Wizierbottom, U. В. Ros, 
and F. E. Eidredgv. 


Committee on Drafting Room Practice 


At the invitation of the American Engineering Standards 
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Committee, the Institute has appointed a representative on a 
Committee which will undertake the task of setting up Standards 
for Drawing and Drafting Room Practice. Mr. L. E. Whittemore 
will serve as the Institute's representative. 


Los Angeles Section 


The Los Angeles Section held a meeting in classrooms of the 
Y.M.C.A., Los Angeles, on the evening of September 20th. A 
paper was presented by Mr. Н. Pratt on the subject “Problems 
of The Radio Engineer." 


Philadelphia Section 


The Philadelphia Section held a meeting on September 17th 
for the purpose of electing new officers for the coming year. 
Forty-five members were present. The result of the election 
was that J. C. Van Horn was elected chairman and David P. 
Gullette Secretary-treasurer. At this meeting a paper was 
presented by Mr. T. В. Kennedy on the subject of “Radio 
Compass Installation." 

A meeting of the Section was held on October 22nd at which 
Mr. Halborg read a paper on the subject of “Short Wave Com- 
munication." The meetings of the Section are held in the Bartol 
Laboratories, Philadelphia. 


Committee on Broadcast Engineering 


As announced in the October PROcEEDINGs, the Board of 
Direction approved the appointment of à Committee on Broad- 
cast Engineering. The members of this committee are К. H. 
Marriott, Chairman, and Messrs. L. Espenschied, L. A. Hazel- 
tine, Frank Conrad and John H. Miller. It will be noted that 
three members of the committee are also members of the Board 
of Direction. 

The purpose of the Institute's Committee is to establish an 
authority to which technical questions relating to broadcasting 
may be referred for report. The Institute's non-commercial 
position and prestige are such that it is the only body equipped 
to render accurate and unbiased decisions on radio engineering 
subjects. 


Sectional Committee on Radio, A.E.S.C. 


This Committee, organized some time ago, with Professor 
J. H. Morecroft as chairman and Dr. A. N. Goldsmith as secretary, 
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зем e en Che various important problems involved in planning 
e tate oig puho manufacture and installation. 


Entrance Fee 


Ou page Із of the 1926 Year Book, Article IV, Dues. the 
tian «tne payable on admission to the Institute, covering each 
za leds piven. During the past three or four years the entrance 
is Баз been waived, but is to be restored on January 1, 1927, as 

lated ia Article ТУ. Those who join the Institute, any grade, 

alba January 1, 1927, shall be required to pay the proper en- 
Lance tee, um well as the annual dues, as soon as they are notified 
ob them election to membership. 


Philadelphia Section 


1 he Philadelphia Section held а meeting on the evening of 
October 22nd in the rooms of the Bartol Laboratory, 127 North 
Loth Street, Philadelphia. А very interesting talk was given by 
М. И. №. Hallborg on the subject "High Power Transmitters 
al Wavelengths Varying from Fifteen to Ninety Meters." The 
Section plans to hold regular meetings during the winter months. 


Proceedings to be Issued Monthly 


The present plan is to begin monthly publication of the Pno- 
сккртхан, beginning with the January, 1927 issue. All members 
will receive the monthly issues as heretofore they have received 
the bi-monthly issues, without any additional dues payment. 
This inerease in the number of copies of the PRocEEDINGs, which 
members receive annually, will be of very great advantage and 
value. 


Hartford Section 


An organization meeting was held at Hartford, Connecticut, 
on the evening of October 29th for the purpose of setting up à 
Section of the Institute to cover the State of Connecticut with 
headquarters at Hartford. 

After the business meeting was concluded a highly interesting 
address was delivered. by Е. F. W. Alexanderson, consulting 
engineering, General. Fleetrie Company, апа chief consulting 
engineer of the Radio Corporation of America. Mr. Alexander- 
son's talk was on the subjeet ‘Radio Photography." Motion 
pietures and lantern slides were used in illustration. 
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San Francisco Section 


The San Francisco Section held a meeting on the evening of 
September 23d at the Engineers’ Club, 57 Post Street, San 
Francisco. А talk was given by Dr. Е. A. Kolster on the subject 
"Some Notes in the Design of Radio Receiving Equipment." 
A talk was also given by В. M. Heintz on the subject “Мойегп 
Short Wave Radio Equipment." These papers were discussed 
by Col. J. F. Dillon, А. H. Babcock, Major Bender, F. С. Roe- 
buck. The Section also held a meeting on the evening of October 
27th at which а paper was presented by Dr. Г. Е. Fuller on the 
subject “Carrier Current Communications Over High Tension 
Transmission Lines." 


Rochester Section 


The Rochester Section held a meeting on the evening of 
November 19th, Mr. Harold А. Wheeler from Johns Hopkins 
University spoke on the subject of "Applications of Electron 
Tube Amplifiers." А meeting to be held on December 3d will 
be addressed by Mr. W. А. McDonald of the Hazeltine Corpor- 
ation on the subject "Importance of Laboratory Measurements 
in Radio Receiver Design." The meeting to be held on January 
7th will be addressed by Mr. Е. H. Engel, of the Radio Corporation 
of America, who will speak on “Vacuum Tubes." 

The Section holds its meetings in the rooms of the Rochester 
Engineering Society, in the Sagamore Hotel. 


November Meeting in New York 


At the regular November meeting held in New York, a paper 
was presented by J. С. Warner and А. V. Loughren, on the 
subject “Тһе Output Characteristics of Amplifier Tubes." 


Admissions Committee 


At the October 29th meeting of the Admissions Committee 
the following Associates were recommended for transfer to 
Member grade: W. K. Glasby, C. W. Richard, W. L. Holst, 
E. S. Farnsworth and W. J. Lee. For direct election to Member 
grade the following were recommended: Н. D. Hineline, J. 
Svoboda and A. E. Thompson. 


Seattle Section 


The Seattle Section held a meeting on September 4th, in the 
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ды: oom a the Telephone Building. A paper was presented 
n" Mr, Vies Himnan on the subject “Radio Conditions in The 
eunt Ае а paper by Mr. J. Tolmie on the subject "Two- 
"one ише Oscillator.” The discussion was participated in 
John Greig. T. Libby and J. Tolmie. 
A local Membership Committee was appointed consisting of 
В. Wilson, T. Libby, and J. Tolmie. 
The Section held а meeting on the evening of October 2d 
ы which Mr. Howard F. Mason gave a talk on the subject 
! Radio with the Detroit Expedition." 

The meetings of the Section are attended by about thirty 


» 
A 


- 
$ 
at 


members. 
Meetings and Papers Committee 


The Meetings. and Papers Committee, В. Н. Marriott, 
Charman, which arranges for all papers, meetings and the 
. nner at the Fraternity Club preceding the meetings, holds its 
„уеп at those dinners beginning about one hour before the 
oval ef the other members. The speakers of the evening meet 
wth this Committee, Occasionally members have come to these 
ners alone and have not found any person they knew. Begin- 
ne with the December meeting the table used by this Com- 
aawe Will be placed near the door so that a member of the 
committee will be able to meet such strangers and introduce 
uem to other members. 


THE OUTPUT CHARACTERISTICS OF AMPLIFIER 
TUBES* 


Bv 
J. C. WARNER AND А. V. LoUGHREN 


(RESEARCH LABORATORY, GENERAL ELECTRIC Compaxy) 


It has long been common practice to define the capabilities 
of an amplifier tube in terms of certain constants or characteris- 
tics, such as mutual conductance, amplification constant, input 
impedance and output resistance. Аз long as the primary in- 
terest is in the amplification which the tube will give in a definite 
circuit a few such quantities furnish all of the information 
necessary for determining the performance of the tube, but when 
the tube is to supply an appreciable amount of power to the load 
circuit they are entirely inadequate. 

Improvements in loud speaker design have almost invariably 
increased the demand on the tube which is supplying the power 
to the loud speaker. It has been necessary to increase the output 
of the tube or decrease the distortion caused by the tube itself, 
ог both. It has become important, then, to have an accurate 
knowledge of the maximum undistorted output which the tube 
can supply. 

In order to bring out the distinction between the maximum 
output of an amplifier tube and the marimum amplification, it 
may be well to review briefly some of the different methods of 
using amplifier tubes in radio receiving circuits. The terms 
"voltage amplifier," ‘‘current amplifier" and “power amplifier" 
are often used to distinguish the general types of amplifiers, 
although all of these, strictly speaking, are power amplifiers, since 
the power controlled in the output circuit is always larger than 
the power supplied to the input of the tube. However, the terms 
“voltage amplification," "current amplification,” ete., may be 
used correctly to indicate the performance of a tube in a particu- 
lar circuit. Other performance characteristics which are some- 
times important are the “current output per volt input” and the 
"power output per volt squared input." Of these quantities the 
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ones most often used are perhaps the two last named and the 
voltage amplification. 
The voltage amplification 1s 


м Ер 
E. (1) 
Віт, 
where ^ = amplification constant 
r,—internal plate resistance 
К. = оаа resistance 
The current output per volt input is 


А, 


p 
А = 
E p 
The power per volt squared input is 
н? Е, 
А p Cp 
й (7+ R,)* б) 


It may be noticed that the mutual conductance, а , does 


p 

not appear directly in any of these relations. "This illustrates the 
fact that the amplification of а tube is not directly proportional 
to the mutual conductance, although this factor is often used as 
a “figure of merit" for the tube. The only justification for this 
is that tubes designed for the same sort of service can be roughly 
compared by the mutual conductance, but when the amplifica- 
tion constant or plate resistance differs greatly—that is, of the 
order requiring a different type of load circuit—a comparison of 
mutual conductance loses its significance. 


Factors DETERMINING AMPLIFICATION 


Equation (1) shows that for a given value of ^ and r, the volt- 
age amplification increases when K, 15 increased and approaches 
и in the limit. Practical circuit limitations usually prevent А, 
from going much over 500,000 ohms and the amplification is 
seldom over 75 percent of №. With an inductive load it is, of 
course, possible to approach much closer to the full value of #. 

In order to illustrate the effect of the tube constants on the 
amplification, three sets of curves have been drawn, which show 
the relation between the amplification constant of а tube and the 
actual amplification in terms of voltage, current and power. À 
cylindrical electrode structure, similar to that used in the 
UX-199 Radiotron, was taken for these examples and it was 
assumed that the amplification constant was varied by changing 
the grid mesh, no other structural change being made. Figure 1 
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shows the variation in the plate resistanee of this tvpe of tube 
when the amplification constant is varied. 

Figure 2 gives the relation between # and the voltage ampli- 
fication for several values of load resistance. Тһе decrease т 
amplification with low load resistance аё the higher values of А, 
is, of course, due to the fact that r, rises more rapidly than д. 


Otherwise all of the eurves would rise indefinitely. 
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Figure 3 shows the variation in current output per volt input 
for different load resistances. 

The relation between А and power output per volt. squared 
Input is shown in Figure 4. The envelope of the curves for fixed 
load resistances gives the output for a variable load resistance, 
Which is kept equal to the plate resistance of the tube. — It is inter- 
esting to note that if the tube resistanee is fixed, the maximum 
power per volt squared is obtiined when the load resistance ts made 
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вена to the tube resistance, but if the load resistance is fixed, the 
tuhe resistance should be made considerably higher than the 
inad resistance, It will be seen later that neither of these con- 
ditions holds for maximum undistorted power output when suffi- 
ient input voltage is available. 


lise or PLATE CHARACTERISTIC CURVES FOR CALCULATING 
OvTPUT 


The above relations between input voltage and output 
voltage, eurrent and power, hold only when the amplitudes 


FIGURE 2 


are small. This condition usually exists in all but the last tube 
of an amplitier, but in this tube the amplitudes must be large, 
since the power supplied to the loud speaker is often considerable. 
It then becomes necessary to determine the output characteristics 
of the tube feeding the loud speaker, and in particular it is 
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desirable to know the maximum power output which the tube 
will supply without distortion. 

The usual method of determining the output of a tube when 
the amplitudes are large involves drawing the complete dynamic 
characteristic, which is a rather laborious process when a large 
number of different conditions are to be considered. A much 


FIGURE 3 


simpler method gives all of the information furnished by the dy- 
namic curve, and in the rare cases when the dynamic curve is re- 
quired it may be drawn easily from the data obtained by the 
simpler method. 

This method of analysis makes use of the family of plate 
voltage-plate current curves as shown in Figure 5, and combines 
these static characteristics with the load characteristic in such a 
way as to show the current and voltage at any instant. 

The method was worked out primarily for a circuit in which the 
load resistance is in series with the supply voltage, as in Figure 6. 
However it applies equally well to a circuit in which the plate 
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voltage is supplied through & choke or where the load is coupled 
through a transformer, provided the mean current does not 
change greatly when the signal is applied. Since this correspond: 
to the conditions for low distortion the method may be applied 
safely to the cases where the load is not in series with the plate 
supply voltage as long as the distortion does not rise above the 
limit which should be permitted in practice. 

Referring again to Figure 5, the plate current at any instant 
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FIGURE 4 


Is determined by the voltages on plate and grid, and the plate 
voltage in turn is determined by the battery voltage and the 
ТЕ drop in R,. These conditions can be expressed hy two 
equations: 
lp =f (vp p го) (4) 
"ъ= Въ — 1р Е, (5) 


Since the first equation is not linear and can not be easily ex- 
pressed, the simplest solution is graphical. The typical plate 
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voltage-plate current curves of Figure 5 are plotted from equa- 
tion (4) by assigning arbitrary fixed values of v, and plotting the 
-ір curves from experimental data. Now if equation (5) is 
plotted the intersection of its graph with one of the plate current 
curves gives the plate current for that particular value of grid 
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Кесик 5 —Tube and Load Characteristics 


voltage. The slope of the load characteristie is, of course, equal 
to the reciprocal of the load resistance. 


CONDITIONS FOR Maximum Острет with Low DISTORTION 


In order to prevent distortion in a tube certain. conditions 
must. be satisfied: First, the grid must not be allowed to become 


= 
| 2 к, 
Е 


B MH E 


FiGvRE 6— Amplifier. Circuit 


sufficiently positive to draw appreciable grid current, and. second, 
the plate current must at no portion of the cycle be allowed to 
fall to so low a value that distortion is caused by curvature of the 
dynamic characteristic. 
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Distortion results from the grid becoming positive because 
the input circuit usually has rather high impedance, and during 
the time when the grid is positive current flows through this im- 
pedance reducing the voltage at the tube by the amount of the 
voltage drop in the impedance. Grid current flows during one- 
half of the cycle only and the grid terminal voltage wave is, 
therefore, flattened or otherwise distorted on this half cycle. 

The second condition—that the plate current must not de- 
crease below a certain point—may be shown either theoretically 
or experimentally to be necessary if the tube is to produce only 
a small amount of harmonic current. "This is rather obvious from 
the shape of the characteristic curves, but will be brought out 
more fully later. 

With these two conditions, and making certain simplifying 
assumptions, it has been shown by W. J. Brown* that the maxi- 
mum undistorted output is obtained when the load resistance is 
equal to twice the internal resistance of the tube. In proving 
this relation Brown has made use of the grid voltage-plate cur- 
rent static characteristic, but for the sake of simplicity the writers 
have preferred to show the proof with the plate voltage-plate 
current characteristics, although the method is otherwise essen- 
tially the same as that used by Brown. 

In determining the conditions for maximum output several 
assumptions must be made. Аз has just been stated, the grid 
must not at any time be allowed to become sufficiently positive 
to take current and the plate current swing must be confined to 
that part of the dynamic characteristic which does not have ex- 
cessive curvature. Further, the grid bias must be allowed to take 
the value corresponding to the optimum condition, and for the 
purpose of ealeulating the conditions for maximum output the 
static characteristics are assumed to be straight over the range 
used. These first three assumptions are clearly justified both 
in determining the optimum conditions and the actual output, 
although the second involves a definition of the allowable dis- 
tortion. The last assumption, of course, cannot be made when 
the actual output is to be calculated, but is justifiable in deter- 
mining the conditions for maximum output. 

Figure 7 shows another family of static plate voltage-plate 
current characteristics for different grid voltages, which will be 
used in illustrating the method of determining maximum output 
conditions. These are drawn as straight lines above the hori- 


*Proc. of Phys. Soc. of London. Vol. 36, Part 3, April 15, 1924, p. 21*. 
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zontal line marked “Imin,” this being the region to which the 
current swing is confined. Imin represents the lowest plate cur- 
rent at any time in the cycle. Е, represents the d-c. plate volt- 
age, measured at the tube. 

A straight line, A B, whose slope is the reciprocal of the load 
resiatance is drawn across the family of curves. This must be 
drawn in such a way that the grid voltage at the point where it 
crosses the E, line is half the grid voltage of the point where it 


` PLATE CURRENT —> 


et ates "aor tg 


PLATE VOLTAGE > --- 
Fictre 7--Tube Characteristics for Showing Condi- 
tions for Maximum Understorled Output 


crosses the Imin line. The ends of this line then give Imaz and 
Imin ак well as Км, ind Emin, Which are the instantaneous plate 
voltages and currents at the ends of the swing. The grid bias 
is the grid voltage at which the line A B crosses the E, line; the 
grid swings to zero on the one side and to twice the bias on the 


other. 
The output power is 


t 


Р = : В = E min) Ca 7% mm (6) 
and the load resistance is 


sd P ain BQ 
Eus = I min Ы А0 (7) 
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If Ig. is the plate current at a plate voltage equal to E, and 
grid bias of zero, the internal resistance of the tube is 


= 1(Еһа- Emin) Or 1BQ 
2 Ig.—lmaz 2M N 
and Е maz — E min = 27 (ТЕ, — I maz) 
Р= do Las — Imin) (I, — Ines) 
Since E, is fixed 
(maz —1 min) + (Ig, —I maz) const. or N P+ ММ «const. 


Then P is maximum when 7,,, —1,;, is equal to Ig,—1,,, 
ог МР=ММ 


Тр 


but since 
Iu ыз E mar — Emin or N P=A Q 
Rp 
and 
E таз — Emin 
Ig, nm Tos тт ~ 2n 
R,=2r, (8) 


or the load resistance is equal to twice the internal resistance. 

It will be noticed that this condition is not the same as the 
condition for maximum amplification in watts per volt squared 
input. Lowering the load resistance would tend to raise the 
output but would at once cause distortion, since the plate current 
swing would fall below the previously assigned value of Imin. 

The above-mentioned method of determining the maximum 
output neglects plate power dissipation as a possible limitation, 
in a large power amplifier. If the value of 7, is found to be so 
large that the product Е, Г, exceeds the allowable plate loss, the 
conditions must be modified. When a signal is impressed on the 
amplifier and an output is produced, the plate loss is less by that 
amount, but it is not permissible to take advantage of this as an 
amplifier is ordinarily subject to silent periods during which the 
entire plate circuit input is expended in heating the plate. À 
similar limitation occurs in a receiving tube when 7, is too large 
for the safe operation of the tube or approaches too near to the 
total electron emission from the filament. 

In order to reduce E, Io, E, may be decreased —and incident- 
ally 1,--ог Го alone may be decreased. Figure 8 shows power 
output, 1, and plate dissipation for the UV-211 tube (#=12), 
plotted against plate voltage. Two curves are shown for each 
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quantity, one for best conditions with the given plate voltage, 
the other for such grid bias as gives a plate circuit input of 75 
watts. It is assumed throughout that the peak value of the grid 
swing is equal to the grid bias; that is, that the grid potential 
varies from zero to —2 Ее, when maximum power is demanded 
from the amplifier. The lower set of curves shows the plate cir- 
cuit input increasing quite rapidly with voltage. As it passes the 
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PLATE VOLTAGE 
FIGURE 8 


75-watt point the operation is shifted to the other curve, on which 
input is constant. The next set of curves aboveshows the static value 
of plate current as a function of plate voltage. At the point at 
which the dissipation reaches 75 watts, the operating point shifts 
from a rising curve to the hyperbola E, І, = 75, вһожп on the right 
hand side of the vertical broken line. The upper set of curves 
shows the power obtainable under each condition (1.6., constant 
plate input of 75 watts and maximum output) as a function of 
plate voltage. From these it may be seen that it is best simply 
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to decrease Г, by increasing the grid bias rather than to decrease 
E., and consequently Го, in case the plate circuit input is too high. 
For example, suppose that it is desired to operate this tube at 
1,100 volts. 'The dissipation under maximum output conditions 
is over 100 watts—too high, accordingly, as the tube israted at 75 
watts anode dissipation. The output would be 15 watts. Now 
If E, is decreased until the dissipation is 75 watts, the output (at 
point X) is 9 watts, and the plate voltage about 900. But if 
E, is maintained at 1,100 ап4 the plate current is reduced to 0.068 
by increasing the grid bias, the output is 12.5 watts—a 40 per- 
cent gain over the power at the point X. 


CALCULATUON OF MaxiMUM OUTPUT 


The calculation of the maximum undistorted output will next 
be illustrated in detail, with consideration of the case where there 
are no restrictions as to grid bias and plate current as well as 
those cases where certain restrietions apply. Figure 9 shows a 
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FIGURE 9 


family of plate voltage— plate current curves for the UX-210 
Radiotron which will be.used for these illustrations. This tube 
has been designed for use as an oscillator or as an amplifier for 
plate voltages not exceeding 400 volts. As an oscillator the tube 
is rated at 7.5 watts output, and the safe plate power dissipation 
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is 12 to 15 watts, depending somewhat on the conditions 
of use. — 

The complete procedure is as follows: 

(1) The family of plate voltage—plate current curves must be 
drawn for negative grid voltages up to at least twice the maxi- 
mum grid bias which is to be used. This point can usually be esti- 
mated after a preliminary examination of the first characteristics 
drawn. It is not necessary to plot all of the curves from experi- 
mental data. The curve for zero grid voltage and one or two 
negative voltages should be drawn from experimental data; then 
as the amplification constant of the tube is known the other 
curves may be drawn in. 

(2) The minimum plate current—that is, the plate current at 
the negative end of the grid voltage swing—must next be deter- 
mined. The exact choice of this is dependent partly on the load 
resistance which is to be used and partly on the amount of distor- 
tion which is allowable. Since “allowable distortion" is diffi- 
cult to define, the value of Imin is best chosen arbitrarily. 
After the output characteristics have been found the percentage 
of harmonic current in the output can be calculated (only the 
second harmonie need be considered) and if it is too high a 
second calculation may be made with a higher value of Imin. 
I min may be from 1/10 to 1/5 of I, in most of the ordinary types 
of tubes when the second harmonic current is not allowed to 
exceed 5 per cent of the fundamental. 

It is usually convenient to draw a horizontal line correspond- 
ing to Imin across the characteristics; then only that part of the 
curve family which is above this line is to be used. 

(3) There are now four methods of procedure, depending on 
the predetermined conditions as to plate voltage, mean plate 
current, grid voltage, etc., and also the relation of the tube con- 
stants to these conditions. 

It is assumed that the plate voltage is predetermined accord- 
ing to the maximum safe voltage which can be applied to the 
tube in question or according to the supply voltage available. 

Case I. Given: 

D-C. Plate Voltage (Eo) 

Minimum Plate Current (Тыл) 
To find: 

Load Resistance (R,) 

Grid Bias (Ec) 

D-C. Plate Current (Io) 

Power Output Y 
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Under these conditions the maximum output will be obtained 
as previously explained when the load resistance is equal to twice 
the plate resistance of the tube. The tube resistance itself varies 
somewhat, depending on the grid bias ultimately chosen, but 
a sufficiently close estimate of the final mean plate current can be 
made in order to find the point where the plate resistance is to be 
calculated. For example, it is reasonable to suppose that the 
direct-plate current of the UX-210 at 400 volts plate voltage 
will be about 15 milliamperes and the plate resistance at this 
current is found to be 5,500 ohms. (If the actual current is found 
later to be much different from 15 milliamperes a second approxi- 
mation will be necessary). А straight line, XY, whose slope is 
equal to the reciprocal of the load resistance— t.e., 11,000 ohms— 
is now drawn across the family of curves to serve as a guide. 
This line is not absolutely necessary, but is a matter of con- 
v зепсе to make it easier to locate the final load line. 

Next, another straight line, AB, is drawn parallel to XY, 
beginning on the £E,—7, curve for Ё. =0 and ending on the 
Imin line. This must cross the E, line at а value of Ес, which is 
exactly half the value of Ес at the point where it crosses the Imin 
line. Thus AB crosses the Е, line at Ес = —35 and the Imin 
line at ЕЁ. = —70. J, is 16 milliamperes. 

This straight line A B furnishes all of the desired information 
for instantaneous voltage and current, power output and per cent 
second harmonic current. 

Е maz = 560 volts 
Е min = 215 volts 
пог = 32.5 milliamperes 
Imin = 1.5 milliamperes 
Power Output = 1/8 (560—215) (32.5 — 1.5) X 107% 
= 1.34 watts 

The ratio of second harmonic current to the fundamental in 

the plate circuit with а resistance load in series with the plate is 
(1... tI min) —Io 17-16 10 _ 
M тектен NN 8 _ = 31 = 3.2 per cent. 

From the above results it can be seen that the best conditions 
for undistorted output from the UX-210 at 400 volts on the 
plate are: | 

R,=11,000 ohms. Ес---35 volts. J,=16 milliamperes. 
The alternating grid voltage (signal) is ve X35, or 24.8 volts 


Г. 1.8. 
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Case П. Given: 
D-C. Plate Voltage (Eo) 
Minimum Plate Current (Ты) 
Direct Plate Current (То) 
(With large power tubes it is usually the plate 
power input (E, Г.) that is fixed rather than 7 o 
alone.) 
To find: 
Load Resistance (Rp) 
Grid Bias (E,) 
Power Output 


This case differs from Case I only when the value of 1, as cal- 
culated for Case I comes out above the allowable maximum for 


the operating conditions but with no signal, and should not, be 
confused with I maz Which refers to the peak value of current 
during the Swing.) 

For example, it will be assumed that the plate voltage is 350 
volts on the UX-210 and that the direct current must be limited 
to 10 milliamperes. This immediately fixes а point on the E, line 
through which the load characteristic must Dass. Е, for this 
point is —33 volts. The lower end of the load characteristic 
must cross Imin at Е, = — 66 volts. These two points then fix 
the line C D from which the required output data can be obtained 
as follows: 


Ema = 595 Tmax = 19.5 
Е min = 160 Imin= 1.5 
Power Output = 1/8 X365 x 18 x 10-3 
= 0.822 watt 


Load Resistance = 12 X 10° = 20280 ohms 


The signal voltage is 23.4 volts r.m.s. 


Case III. Given: 
Plate Voltage (£,) 
Load Resistance (Кр) 
Minimum Plate Current (Imin) 
To find: 
Grid Bias (Ес) 
Plate Current (То) 
Power Output 
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The procedure here is exactly the same as for Case I, except. 
ing that the load resistance instead of being the optimum value 
13 previously fixed. Assuming plate voltage 400 and a load 

EC . | 
resistance of 5,000 ohms, a line is drawn with а slope of 5000" 
this intersects the E, line at a grid voltage which 15 one-half the 
voltage at the point where it crosses the Imin line. This is the 
line EF; the grid bias is 31.5 volts and the direct plate current 
21.5 milliamperes. 


Ета; = 500 volts УЕ 
E min = 272 volts Imin = 1.5 
Power Output = 1/8 X228 X45.5 X10? 
=1.3 watts 


In this case the second harmonic current is nearly 15 per cent 
of the fundamental—an amount which is likely to be excessive. 
To decrease the distortion the calculations leading to the choice 
of grid bias and load resistance may be repeated with a higher 
value of Imin say 6 or 8 milliamperes. This would reduce the 
harmonic to a reasonable value, although at the expense of a 
small reduction in the power output. 


Case IV. Given: 
Plate Voltage (Е,) 
Grid Voltage (Ee) 
To find: 
Load Resistance (R,) 
Power Output 


In this case it is assumed that the grid bias is fixed and can- 
not be adjusted to the optimum value. If the plate current cor- 
responding to this grid voltage is equal to or less than that found 
by the method given for Case I, the methods of Case I or Case II 
may be used. If the plate current is more than that found for 
Case I the procedure is slightly different. 

Referring again to Figure 9 it will be assumed that the plate 
voltage is 400 and the grid bias 13—25 volts. This fixes the oper- 
ating point at once and shows the direct plate current to be 32 
milliamperes. The problem then becomes to find the load re- 
sistance which will give the highest output for a signal voltage 
of 17.7 volts r.m.s. Since the input voltage is fixed the con- 
dition that №, = 2r, no longer gives the maximum output and the 

oad resistance should be decreased until R,=r,, or until the 
plate current swings down to T min- 
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At Е,=400, Ек = — 25, т, is equal to 4350 ohms. The line 
GH shows the load characteristic for a resistance equal to 
this. Since at Ё = —50 the line С Н does not go below the I min 
line it represents the optimum condition. If H had gone below 
I min 16 would have been necessary to raise К, in order to prevent 
distortion. 

The output characteristics then are: 


Е maz = 488 Teg 90: 
Е min = 300 І min = 11.6 
Power Output = 1/8 Х 188 Х43.4 
=1.02 watts 


RELATION OF DESIGN oF TUBES то POWER OUTPUT 


A study of the characteristics of tubes having the same general 
dimensions—~.e., electrode areas and spacings—but different 
values of amplification constant, shows that in general the lower 
the amplification constant the higher will be the maximum output 
obtainable from the tube even though the amplification is lower. 
This, of course, is the result of lowering the plate resistance, 
which can be done only by lowering the amplification constant 
at the same time. It is assumed that the load impedance can be 
varied to fit the tube impedance and that the same plate voltage 
is used in each case. This may be easily understood in a quali- 
tative way by referring again to the power equation 


_ WER, 
(rp + Rp)? 
and if . R,-2r, 


P maz = | (9) 


Now, if и is decreased Е, may be increased at least as rapidly 
without causing distortion. At the same time r, decreases, even 
if the mean plate current is kept constant, thus causing an in- 
crease in Ри... Actually E, may usually be increased more 
rapidly than 4 is decreased, making a still greater increase in 
P таг" 

Figure 10 illustrates this variation of maximum output with 
amplification constant in а larger power amplifier tube of the 
UV-211 Radiotron type. The straight line represents the out- 
put with a fixed plate power input of 75 watts. The curved line 
represents the output with no limit on input. However, under 
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the latter condition the plate power loss would overheat the tube 
{и were lowered much below 16. mo 


One of the most common uses for а power amplifier tube 
is in connection with a radio receiving set for supplying power 
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to the loud speaker. Recent improvements in loud speakers 
have increased the importance of high output and low distor- 
tion from the last tube in the amplifier. 'Three Radiotrons 
have been developed lately to meet the demand for a tube for 
this class of service. 'These are the UX-120, the UX-171 and the 
UX-210. The characteristic curves of the UX-210 have been 
used to illustrate the methods of determining the output. 

It has been pointed out that increasing the plate voltage 
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Figure 12—Input Voltage —Undistorted Power 
Output— Load Resistance 10,000 Ohms 


increases the maximum output rapidly. The UX-210 is an ex- 
ample of & tube designed for operation at relatively high plate 
voltage and capable of supplying а large amount of power to a 
loud speaker without distortion. However there are many cases 
where the high plate voltage and filament power required by this 
tube are not available. For instance, it is often desirable to 
operate а set entirely from dry batteries, in which case both the 
filament power and the plate voltage are limited. The UX-120 
has been developed for this purpose. 

The UX-120 has a filament requiring 3 volts and 0.125 am- 
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pere. This voltage allows operation in parallel with other dry 
battery tubes such as the UX-199. 

The noticeable features of this tube are the low amplification 
. constant, averaging 3.3, and the high grid bias—22.5 volts. The 
reason for these values has already been explained. The maximum 
‘output is much greater than can be obtained from the UX-199, 
as a result of the higher plate voltage and the lower amplification 
constant and plate resistance. 

Figure 11 gives a comparison of the static grid voltage-plate 


Figure 13—Input Voltage—Undistorted Power 
ты Resistance 20,000 Ohms 
UX120 —E,-135, Е, = — 22.5. 
(7 Х 199 Е, = 90, E.- — 4.5 
UX 2014-Е, =135, Е, = – 9.0 


current characteristies of the UX-199, UX-201-A and UX-120, 
each at its normal plate voltage. 

Figures 12 and 13 show the relation between ne input voltus | 
and output power up to the distortion limit. Figure 12 is drawn 
for a load resistance of 10,000 ohms and Figure 13 for 20,000 
ohms. It will be noticed in each case that the curves for the 
UX-199 and UX-201-A rise rapidly at first, due to the higher 
amplification, but are limited at relatively low input voltages 
either by the grid becoming positive or by excessive curvature of 
the plate current characteristic. 

The third power amplifier tube, the UX-171, is intermediate 
in size and output between the UX-120 and UX-210. 
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The UX-171 has & 5-volt, 0.5 ampere filament and can be 
operated at plate voltages up to 180 volts. At this voltage the 
grid bias required is approximately —40 volts. The amplification 
constant is approximately 3 and the plate resistance is of the order 
of 2,000 to 2,500 ohms under usual operating conditions. Thus 
the UX-171 fills а place with reference to the UX-201-AÀ much the 
same as the UX-120 with reference to the UX-199. Figure 14 
shows static and dynamic characteristics of the UX-171. Figure 
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Figure 14— Static and Dynamic Characteristics — U X 171 


15 gives the relation between a-c. input voltage and output 
power for load resistances of 4,000 and 10,000 ohms. 

Table I gives a tabulation of some of the constants of the 
more commonly used Radiotrons. The first half of the table 
shows the constants of the tubes themselves. The second half 
gives the maximum undistorted output (assuming not more than 
5 percent second harmonic current in the load), the load resistance 
at which the maximum output is obtained, the input grid voltage 
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required to produce this output, and the amplification of the 
tube with this same load resistance. 

As has already been pointed out, analytical methods are not 
accurate for calculating the maximum power output. For this 
reason the product of the quantity A,—the power output per 
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Fictre 15—Power Output — U X 171 
Е, = 180 Е. = — 40.5 


volt squared input—and the square of the r.m.s. grid voltage 
for P4,, will not always check exactly the figure given for Ри: 
Itself, as this latter was obtained in every ease by graphical 
methods. 


AMPLIFIER TUBES 


THE OUTPUT CHARACTERISTICS OF 


OCOLI) Of FE IF 6 QOS ' LL 0089 QOFcF | NECE OOTE 0 cl Q C2 | € SF 0001 TI-A: 
0268 , 06 CT OR CT | OL OT | 246 жел | O00IZ | orsa | Goss | оч | ove | са | 0001 | V-EOZ-A.1 
Orel OS Fc 08 c сос гер 00011 00F01 COEL ООС 6 suf 0 9I 0 €t OOF 
OTE CL cl сс c 16 + [CF OOOTT 0€001 OFET 009€ с L ет 0 SI— 0€c 
$9 989 | 6€ I 08 F 9ct 00081 0902 0+6 0008 с? 0€ 06 — есі оп 
012 09 8с FEG’ 6 I ESF ООО 005+ OSTI 0007 6 c 0 0c C 0t— OST 
0ct OL 6I 606 06 I CLF OOOF оооғ Єт | 00 6 c 0 9I 0 46— есі 
col SNC [I 864%” 8T CLF OOOF OTRE CLOT ХА (ЖЯ 0 01 € 91— 06 12I*X:1 
OLL 06 SI COE ВЕС СЕТ 000€1 Scot] Сї 00€ 7 се сс L-06-- СЕТ 
GOT 06 SI elt. 5971 OGG 0909 БАП! 00€ 0099 © 0 4 G 66— Cer 0c IX] 
cg 99 OFF I 09 € ссе MOUS OLED FOL 00011 TS SC c 06 — есі 
21 їс + C20 T сес езі 0000€ 09 OSE (194! FN А! 090 — 06 
FI SI £ ОЗЕ I OL F еге OOOS I 0009 S804 000c1 c's 06 ЗУ — 06 Ү-10С-Х 1] 
FI 06 € 506 00 ғ 961 000c€£ 0912 сев 0€66] | SF 9 £I Сор 06 
2. “Ге 069” сс $ GIG 0occ6i 022 , соғ Occ] c9 GG сү — 06 6617 X.) 
1 
"d KI “Е n "V "el т “40104 ті Ч "Я 4 qu 
(S3)UA | | | 
(soJodur: | 

-ЦША) | ""d зәгепре | WATE | ЦОД dod (NOQUIOA42| иер (кәләш 

запо | 10} | ӘЛЕУ | puan; j| 99983 | apo | UO? | оршу | ety) 

рәмоў (SIY) HOA ee dino | anding | “SISH 2. 20u8)9np aoe uone) | мәлі? "ud pop. 

-Sipu(] 33U)|OA nde «| + Фу а, + 4 рзо] UN -чог) aye d -yrpdur V 91814 р! 9 Id 

шаш ригу O |——— T 4 Enma ld yd 


-xew | v C ED | CHE | м 
on | “Я т | 


Digitized by Google 


NOTES ON THE DESIGN OF RESISTANCE-CAPACITY 
COUPLED AMPLIFIERS 


Bv 
SYLVAN HARRIS 


The function of the inter-stage coupling devices used in low 
frequency amplifiers is to transfer the alternating voltage de- 
veloped in the output circuit of one amplifier by the action of an 
alternating voltage on the input of that tube, to the input of a 
second amplifier, with the utmost fidelity. The matter of ampli- 
fieation will not be considered in this paper excepting insofar as 
it is related to the voltage ratio of the coupling device at various 
frequencies. 

The need for thé *'distortionless" amplifier, in the laboratory, 
in publie address systems, and in radio transmitting and receiv- 
ing apparatus, is evident, and it is desirable to know to what 
extent the operation of an actual amplifier may differ from that 
of the perfect amplifier. In other words, it may be possible to 
design an amplifier which is ''distortionless" for practical pur- 
poses, and it 13 the purpose of this paper to consider the matter 
from this angle. 

The low-frequency amplifier in receivers actuates a repro- 
ducer; if the pressure established in the air by the diafram of the 
loud-speaker or telephone receiver is assumed to be a linear func- 
tion of the output voltage of the amplifier, the latter can be 
studied with regard to the auditory sensation, by noting that 
the ear, over a very wide range of sound intensity, is sensitive to 
changes of intensity of approximately ten per cent, and that this 
seems to be true regardless of frequency. * 

Although for many purposes a variation of ten per cent in the 
voltage ratio of an amplifier from one frequency to another may 
be excessive, this figure will be used for purposes of illustration. 
There is also to be considered the commercial phase of the 
problem, where a compromise is required between results and 


Received by the Editor, June 2, 1926. То be presented at a meeting of 
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* Bell System Tech. Jour., October, 1923. "Physical Measurements of 
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costs. The problem then is to find the required conditions in 
an amplifier coupling device under which the voltage ratio will 
not change more than 10 per cent from very high audible fre- 
quencies down to an arbitrary cut-off frequency. А cut-off fre- 
queney of 50 cycles per second was used in calculating the 
curves given here. 

The wiring diagram of the resistance-capacity coupled ampli- 
fier in its simple form is shown in Figure 1, together with the 
equivalent circuit in Figure 1А. The voltage V, is the output 


FIGURE I FIGURE l-A 


voltage of the coupling device and is impressed on the input cf 
the second tube. V, is the voltage input to the coupling device 
and equal to the voltage Impressed on the input of the first 
tube multiplied by the voltage amplification constant of that 
tube or # e, The solution of Figure ТА follows: 


Fa V, к 
солт —- X E 
E J 1 | Э 
V Z 
la Z. 
ДЕЕ 
E А+ 0 Wl 
| 712%: ИДИ ZA 
ud mm 
| d | 
D 7. Zi. fe (1) 
í ;— Lae e er 50 
Al A 6; 


Substituting the vectorial impedance as represented іп Figure 
1. the relation between V, and V, for the resistance-capaelty 
coupled amplifier Is 
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ТЕКТЕ ———— 
V. r ry—j/wel r,—j/wc 
Po | + a | que 
To ry То 


К 


The absolute value of K is then: 


К = ТТ, 2 2 | 
nr, Т!” 1 Гр 1 (2) 
BT, T: Z0 E 
i-r, 


The maximum voltage ratio is obtained when C is infinite. 
Equation (2) then reduces to 


Көш = Шла: (3) 


which is independent of frequency. The physical significance 
of this is apparent; the maximum voltage ratio is the ratio of the 
joint resistance of r, and r, in parallel, to the sum of this joint 
resistance and r,. 

Equations (2) and (3) are shown plotted in Figures 2 and 3. 
It is desired to make the voltage ratio at a given cut-off frequency, 
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FIGURE 2 


fo, say 50 cycles per second, a certain fraction, k, of the maximum 
voltage ratio possible with the given combination of resistances. 
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The latter is the same as the voltage ratio at very high fre- 
quencies. Therefore: 


TEL (4) 
K nis 
Performing the operation indicated by (4), and solving for C, 
(ri: +75) 


2 я До [то (м т») Tn "ML —] g 


This equation has been plotted in Figure 4, for three different 
values of k. In the present problem the lower limit of the voltage 


VOLTAGE RATIO 


= MAXIMUM HHE 


is 3 


ratio is 90 per cent of the maximum attainable voltage ratio at 
the output of the amplifier. If there are two identical stages in 
the amplifier the value of k per stage will be +/.90 (or 0.949): 
if there are three identical stages the value of k per stage will be 
^/.90 (ог 0.966). 

Figure 3 has been plotted for the purpose of noting what effect 
the grid-leak resistance has on the voltage ratio. For r,- 
10,000 ohms, and rı = 100,000 ohms, it will be seen that little is 
gained in voltage ratio by making the grid-leak resistance greater 
than about 0.5 megohm. Applying this value to Figure 4, the 
capacity required in a three-stage amplifier in which the output 
voltage will not drop more than ten per cent from the high fre- 
quencies down to 50 cycles per second, is 0.0233 uf. These values 
were then used to calculate the eurve of Figure 2. 


~ 
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The choice of г, from Figure 3 depends not only upon the 
desired voltage ratio, but must also be sufficiently low that the 
grid does not accumulate an excessive grid charge. This matter 
is apart from the subject of this paper, but is to be considered 
in the design of the amplifier. 
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To illustrate the effect on the frequency characteristic of 
using too small a coupling condenser the curve marked “А” in 
Figure 2 was obtained experimentally, using the same resistances 
indicated on Figure 2, but & much smaller condenser. 

SUMMARY: An analysis of the coupling in the resistance-capacity coupled 
amplifier is given, in which the variation of the voltage ratio with frequency 
is considered. А method is given for determining the values of the resistances 


and capacities for which the variation of voltage ratio over a given frequency 
range will be a definite and known amount. 
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SIMULTANEOUS ATMOSPHERIC DISTURBANCES IN 
RADIO TELEGRAPHY 


Bv 
M. BAUMLER 


(Fourth Contribution from the Telegraphentechnischen Reichsamt.) 


In three previous contributions on the appearance of simul- 
taneous disturbances it was determined that the effect of a large 
part of the atmospheric disturbances extends not only over a small 
area around the receiving station, but that these same disturb- 
ances are noticeable at observation points at some distance from 
each other, and also that the range of the effect of the atmos- 
pheric disturbances is at times very large. The method of obser- 
vation consisted of recording the atmospheric disturbances along 
with reference signals with recording apparatus in two places. 
The daily time signals from Lyon from *10 o'clock to 10.05 А. M. 
served as signals for determining simultaneous disturbances. The 
simultaneous or related disturbances can be determined from the 
occurrence of the disturbance relative to the simple mark of the 
time signals. The investigation led to the conclusion that between 
Gräfelfing, near Munich, and Strelitz—a distance of 580 km.— 
at which places the receiving apparatus was not influenced by 
local power disturbances, 98 per cent of all recorded disturb- 
ances occurred together. Between Berlin and Strelitz, as well as 
between Hamburg and Strelitz, the percentage of simultaneous 
disturbances was smaller, as in the large cities local power disturb- 
ances occur as well as the pure atmospheric disturbances. The 
extension of the experiments from Berlin to the east coast of 
North America—a distance of 6,400 km.—gives similar indica- 
tions of simultaneous disturbances. 

If one assumes the occurrence of disturbances at great dis- 
tances as due to the propagation of electromagnetic waves, and 
that is a prevailing opinion of the nature of the atmospheric dis- 
turbances, it is left to try to determine whether disturbances at 
great distances do occur simultaneously and whether the per- 
centage reaches any considerable amount. 

Received by the Editor July 24, 1926. Presented at a meeting of the 
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The continuation of the experiments was made poete 
through the cooperation of the Radio Corporation of America 
which had already taken part in the earlier experiments. The 
receiving stations at Kokohead at Oahu Hawaiian Islands and 
Mar-hall. California, belonging to the Radio Corporation and 
а special experiment station of the Telegraphentechnischeg 
Reich-armt at Berlin served as recorder stations. The signa: 
were sent on a wavelength of 17.500 meters from the tran-mitting 
station at Rocky Point ЗГ according to the following plan: 


Тем de МОГ Date 
a....b....c....d....ete.toz 
Test de МОГ. Date 
a3a...ab...ac... ad. ete. to az 
Test de МОГ Date 


ba...bb...be... bd... ete. to bz 


The space between the two letters or groups of letters 
amounted to 5 centimeters on the transmitting tape, the trans- 
mitting speed being 30 words per minute. The transmitting plan 
proved to be very satisfagtory. 

The distance between the transmitting and receiving stations 
are: 

{оску Point—Berlin 6,400 kin. 
tockv Point— Marshall 4,300 kin. 

Rocky Point—Kokohead 8,200 km. 

Marshall—RKokohead 3,900 km. 

Berlin-Rocky Point-Marshall 10.700 km. 

Berlin-Rocky Point-Marshall-Kokohead 14,000 km. 


The great circle distance from Berlin to Kokohead, azimuth $ 
degrees west of north. amounted to 11,700 km. The ink recorder 
of the Radio Corporation was used in Kokohead and Marshall. 
and a recorder similar in construction to the siphon recorders 
in cable telegraphy furnished by Fa. C. Lorenz, A.G., was used 
in Berlin. The investigation was carried out from March 1 to 
March 28, 1925. The transmitting time was from 3.30-3.35 
A. M. eastern standard time or 9.30-9.35 P. M. in Berlin, 12.30- 
12.35 A. M.in Marshall and 10.30-10.35 P. M. in Kokohead. 
During the investigation it was, therefore, daylight in Berlin— 
Sunrise in March being approximately 5.50-6.50 A. M.—and 
night in Rocky Point, Marshall and Kokohead. The tape of the 
recelving apparatus was adjusted to a velocity of 1.5 meters per 
minute. This was not always possible. Photographs of the 
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original tapes show how closely equal spacing of the characters 
on the. various tapes was attained. 

The quality of radio reception is dependent upon the ratio 
of signal strength to the atmospheric disturbances. If the ratio 
approaches unity, the possibility of recording decreases and re- 
ception is impossible if the signals fall below the disturbances or 
are otherwise suppressed, t.e., if the average strength of the dis- 
turbance is higher than the signal strength. In the telephone 
receiver, disturbances of medium strength are noticeable through 
a continual grinding noise; in the recorder the pen moves back 
and forth across the tape tracing а non-readable curve. Such a 
ease is shown in Figure 1. with a section of the tape taken March 
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FiGcnE 1—Kokohead, March 4, 1925 


4, 1925, in which the signals of the transmitting scheme are in gen- 
eral unintelligible. Recording of signals from WQL at Kokohead 
is often impossible due to atmospheric disturbances, as the inten- 
sity is very different on various days. Also it must not be over- 
looked that the transmitting station at Rocky Point (WQL) is 
intended for traffic with Europe with distances of from 6,000 to 
27,000 km., while the distance from Rocky Point to Kokohead 
is 8,200 km. with the greater part of the distance over land and 
hence unfavorable to the propagation of the electromagnetic 
waves. 

We now turn to the results of the investigation. Figure 2 


shows the section of the tape aj (- — = — — —) to ak 

(- — — - —) on March 27, 1925. The letters are somewhat 
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Кынк 2— Rokohead and Marshall, March 27, 1925 


mutilated in Kokohead but still recognizable. "There is no doubt 
that the disturbance impulses obtained in Marshall are also 
present in Kokohead. In addition, a few other apparently purely 
local disturbances are observed in Kokohead. 

Figure 3 show a section of the tape bg (— --- — —.) to 
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bh (— --- ----) on March 14, 1925. The disturbances 
recorded in Marshall are also recorded in Kokohead. The simul- 
taneity is easily seen by comparing the two tapes. The tape at 
Kokohead is an example of showing the effect of disturbances on 
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Figure 3—Kokohead and Marshall, March 14, 1925 


the signals. The disturbances are even stronger than the signals. 
The reason for the smaller number of disturbances recorded at 
Marshall as compared to Kokohead is that the ratio of the signal 
to the strength of the disturbances was higher than in Kokohead 
and less amplification in the receiving apparatus necessary. 
The field strength at Marshall was higher, due to the shorter 
distance from Rocky Point. 

Figures 4 and 5 show the tape sections x (—— — ——) 
toy (— - — )andad(- — — - =) toae(-—-) 
on March 10, 1925, at three receiving locations. "The records of 
the signals and the disturbances are well shown. On the tape 
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ЕтсовЕ 4— Kokohead, Marshall and Berlin, March 10, 1925 


from Kokohead and Marshall individual groups of disturbances 
can be differentiated which consist of several single disturbances. 
It must be admitted that the disturbance groups and individual 
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Figure 5—Kokohead, Marshall and Berlin, March 10, 1925 


disturbances agree completely at the American receiving stations. 
The disturbances are less іп Marshall as the signal amplitude 
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is greater than in Kokohead, so that here the weaker disturbances 
appear only as smaller deflections above the zero line. From a 
count of the common disturbances and the determination of the 
percentage, and even without going through these computations, 
it is seen that nearly all of the disturbances recorded occur 
together and are of the same origin. At first sight, no disturb- 
ances common to Berlin and both the American receiving sta- 
tions are received even when one considers the time interval 
between the reception of a signal and a disturbance impulse 
which it is assumed is received first in Marshall. For a tape 
velocity of 150 centimeters in a minute this difference is about 
2/3 mm. on the tape. The character of the disturbanees in 
Berlin is apparently quite different from that in Kokohead and 
Marshall. On the Berlin tape only a few occasional disturbances 
are seen. If one observes the tape somewhat closer one sees that 
between the dot and the second dash of the letter y for Kokohead 
and Marshall (underlined in Figure 4), a disturbance is shown 
which ік also seen to occur in Berlin, for at this place, the y is not 
clearly recorded but mutilated; also it appears that the strong 
disturbances directly before the у are common to Berlin and 
Marshall. 

l'igures 6 and 7 are seetions of the tape from three receiving 
stations on March 18, 1925. 

The tapes are placed alongside each other and one can see 
the last letters of the test announcement: “Test de WQL March 
eighteenth." The Morse characters are drawn in on the tape 
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Кіссне 6— Кокоћесаа, Marshall and Berlin, March 18, 1925 


taken at Kokohead. The distribution of the disturbances is: 
few in Berlin, somewhat greater number in Marshall and a large 
number of disturbances in Kokohead. The signals in Kokohead 
are considerably mutilated by disturbances so that the text 
would be unintelligible if it were not known. On closer examina- 
tion, a large part of the disturbances recorded in Marshall is 
found in the record at Kokohead, in spite of the great variation 
in the record. А comparison of the three tapes gives an agree- 
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ment of a few of the disturbances recorded in Berlin with those 
in Marshall and even with those in Kokohead. "The disturbances 
occurring simultaneously are marked by means of numbers 


) brutos сатыр tele Tinian sind 
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Бісгве 7—NKokohend, Marshall and Berlin, March 18, 1925 


Between Berlin and Marshall the disturbances marked 1-8 cor- 
respond. On account of the small number of disturbances 
generally recorded this agreement should not be considered 
accidental. Between Berlin and Kokohead, an agreement is 
found in the disturbances marked 2, 4 and 5. 

According to the present view, as previously mentioned, 
atmospheric disturbances consist of electromagnetic waves 
that have their origin in nature’s electrical adjustments; one 
may speak, therefore, of these as natural waves in contrast 
with the waves artificially generated at a transmitting station. 
If we consider atmospheric disturbances as electromagnetic 
waves, then the laws of electromagnetic propagation must hold, 
that is, the propagation of disturbances must be better at might 
than during the day and the disturbances considerably reduced 
dwing the transition from darkness to daylight or vice versa, 
that is, 1n passing through a twilight zone. The relative location 
of the four receiving places with respect to day and night has 
been previously mentioned. 

The explanation for the large number of simultaneous dis- 
turbanees at Marshall and Kokohead lies in the good propaga- 
tion conditions obtaining at night. 

The extent to which disturbances occur simultaneously at 
different places depends further upon their strength, the dis- 
tances of the observation points from the source and the sensi- 
tiveness of the receiving systems. If the disturbance is very 
strong, its effect may be felt at widely separated places. It is, how- 
ever, not to be expected that the number of simultaneously 
occurring disturbances should reach any large amount and still 
less so if natural obstacles affect propagation. This accounts for 
the small number of disturbances common to Berlin and the 
American observation points. Correlation of the occurrence of 
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disturbances of same origin at still greater distances may be estab- 
lished when proper receiving apparatus is provided. 

Sudden disturbances in the electrical field of the atmosphere, 
the magnetic field of the earth, displacements inside the earth and 
electrical adjustments in the cosmos may be the source of dis- 
turbanees. То the variation in the earth's electrical field belong 
lightning discharges, most important being the strong lightning 
discharges in the tropies. 

By our researches we have ascertained the distant effect of 
lightning discharges. All unobjectionable disturbances arising 
from visible discharges should be especially marked on the tape. 
During the investigation strong thunder storms were encoun- 
tered in Kokohead whose effect on the receiving system was so 
strong that the observations had to be suspended to prevent 
harm to observers and damage to the apparatus. 

The results of the investigation are summarized as follows: 

A large number of disturbances occur simultaneously in 
Hawaiian Islands and California, 3,900. km. apart; occasional 
disturbances occur simultaneously at distances 10,000-12,000 km. 
apart. 'The general propagation phenomena of electromagnetic 
waves are applied to the propagation of disturbances and explain 
thereby the frequency of the simultaneous occurrence of dis- 
turbances. 

It 13 the intention to eontinue the investigation and to select 
the conditions so that the observation points lie entirely in light 
or darkness. 

I do not wish to close without heartily thanking the engineers 
of the Radio Corporation at the receiving stations at kokohead 
and Marshall as well as at the transmitting stations at Rocky 
Point, and especially, Director А. N. Goldsmith, who through 
their willingness and cooperation made the investigation possible. 
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SIMPLIFIED S.L.F. AND S.L.W. DESIGN* 


By 
O. C. Roos 
(CONSULTING ENGINEER) 


A concise paper on the design of S.L.F. condenser plates 
appeared August, 1925, in the PROCEEDINGS OF THE INSTITUTE OF 
Rapio ENGINEERS, by Mr. Н. C. Forbes. The method of attack 
is shown in Figure 1, where a polar curve 1-2-3-4-5 following a 
counter-clockwise or positive rotation, has a portion 3-4-5-3 of 
its polar area, used as a condenser plate. Its curved edge follows 
the polar equation 


р* 9 = К (1) 
The method of computing plate areas from the initial line 
0-2 is the usual one, but is awkward, as it introduces the possi- 


bility of infinite plate areas and zero frequencies—-both absurd- 
ities. 


/ 
4 
= 
0” 
” 
г \ 
> y 
FIGURE 1 


Again, the very beautiful simplicity of the law for predeter- 
mination of the frequency range as a ratio of fm to f,—maximum 
—— *Received by the Editor, September 5, 1926. 
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and minimum frequencies respectively,—is overlooked and time 
is used in computation of a quantity that a simple ratio would 
give, if specified in advance. | 

For example, in Figure 1a we have a circular stator and a 
S.L.F. rotor plate. The latter has its straight edge 3-0-5 at 
right angles to the initial line o-z and its shortest radius at 0-5 
makes an angle of 270 degrees with 0-2. In Forbes’ notation 


-«S.L.F. POLAR 
CUR vı. 


FIGURE la 


this angle is 4 and gives C, or a zero capacitance, corresponding 
to stray capacitances which make up the polar area to infinity 
beyond his 6=0, which is really 270 deg. or 32/2. This fictitious 
area for outside capacitances C, is Ao. 


K K 
de= з= 73V: (1.1) 
(2) 


and could have been used in place of С, times а constant. The 
relationship between maximum and minimum plate areas and 
the longest radius in the plate polar curve would then have been 
apparent. 

D? 


Forbes writes Ce = (D/C.—K б? (2) 
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and it is obvious that when we rotate the plates positively,— 
counter-clockwise—the effective capacitance C, may become 
infinite. This equation means that the 270-degree angle through 
2-1-2-3-4-5 in Figure la, corresponding to minimum frequency 
D/C, or fa, is unlimited in polar area. Therefore, if it could be 
meshed to give capacitance with another such plate, the frequency 
would be zero. No mention is made of any limit of positive 
plate rotation, although this must be 180 degrees and in any 
case less than C, or 270 degrees. The capacitance may therefore 
be increased without limit by positive rotation, to 270 degrees 
with this as the greatest theoretical rotation of dial. 

The awkwardness of this point of view—4.e., working from 
the initial line of the polar plate-area curve,—should be noted. 
Even though this initial area is infinite, it does not include the 
important capacitance C, which is due to the stray and extra 
capacitances related to the condenser at its “zero” position. 
This zero capacitance C, and its predetermination is the whole 
secret of a rigorously accurate S.L.F. or S.L.W. condenser and 
should preferably be in the form of а simple ratio of the final 
polar radius angle to the initial polar radius angle of the plate- 
curve area to be sclected. 

When the plates are completely meshed in Figure 1a the wave 
length is three times its value at the zero position. In Figure 2 
let us imagine a symmetrical stator plate completely meshed 


SLF, POLAR 
CURVE 
0” 
=== 


Figure 2—S.L.F. Plate 
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with the rotor b-c-d-e-b. Its edge coincides with the rotor 
plate edge e-o-b. Then the wave length is shortest and is four 
times that given by the fictitious area, Со, beyond o-e and which 
Is one-fifteenth of the total plate area meshed. 

In all plate-area ratios the effective “area” added by the 
wiring and stray flux is present as a practically constant extra 
quantity, for all positions of the rotor. If the maximum capaci- 
tance C, in Figure la is 513 pf. then the external ог minimum 
capacitance C, must always be kept at one-ninth of this or 
57 p.p. f. 

Most radio manufacturers have ignored this requirement. 
One cannot design S.L.F. or S.L.W. condensers accurately 
without adjustable verniers for a constant C,. The writer has 
been able to do this systematically. The self-capacitance of the 
same type of coil varies 10 per cent in production, so an adjustable 
extra capacitance is absolutely imperative for accurate S.L.F. 
or S.L.W. characteristics. 

Re-examining our rotor plate, we will find that of 513 ju f. 
total capacitance, 8/9 or 456 и.м.]. corresponds to the plate area, 
and the balance is the everpresent “его” capacitance. 

The question now is: since we can't use the infinite "plate 
area" in Figure 4, to the "right" of o-b, where can we find this 
“zero” capacitance area, corresponding to 57 p.p. f. 

The answer is simple but has not yet been given in any paper. 
The polar area from 0-е continued onward counter-clockwise 
forever—(0 = о )—is not infinite but finite. It is equal to C, and 


_ M 
(a+)? 
Hence by integrating from o-b corresponding to 06-4 to 


9 =а-+-\ we have С, = = = 513 wwf. ог 


а 


Са = 57 р.и... 


=513 (f. ог С„/С,=9. 


Mr. Forbes explicitly defines C, as that capacitance which 
is present in the circuit when 0, the variable angle from the 
initial plate position, is made equal to zero. The presence of an 
infinite value for one of his limiting capacitances, 1.6. polar 
areas, indicates that he has integrated said area from the initial 
line О-о in Fig. 1a, counter-clockwise, instead of clockwise from 
the pole or what is the same thing, counter-clockwise from the 
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initial angle @ of the polar area, in Figure 2, to infinity. In this 
мау the polar area comes out for the condenser plates, as 


K K : 
"ai a m 
Now the frequency is given by 
1 1 , 
Кеткен” i 


and equation (1.1) is satisfied. Тһе usual allowances of +r? 
and —r,? for stator cut-out and circular separators respectively, 
produce the normal equation 


4К . , і 
ДАСТЕ (5) 
The prediction of the ratio a or g is rendered easy and 
accurate by the formula 
y 
а — 
g—1 (5.1) 


where ¥ is the angle of the rotor plates—usually 180 degrees— 
and a is the initial angle in Figure 1. 

If g=2.5—corresponding to åm = 550, 4, = 220 meters—then 
а = 182 = 120 degrees. Hence the rotor plate would be out from 
the polar area along the line х-0-у, which is 120 degrees from 
0-0. 


It is important to emphasize the fact that the area of the 
; . 92 — 1 6 
polar curve іп the condenser plates 15 = of the finite polar 


area from а to infinity, г.е., if g is 3, then this plate area is 8/9 
of the total finite polar area, the smaller or “лего”! capacitance 
"area" being the “area” furnished by wires, tubes and stray 
flux. It should be noted that the polar curve defined by p?0* = К 
of Figures 1, 1a and 2 has no point of inflection. 

By building up а S.L.W. plate-curve from the pole outward, 
just as we have done in the above S.L.F. plate-curve, we can 
make up a combined S.L.W. and S.L.F. plate. The S.L.F. plate 
has its lower frequencies crowded together on the initial dial 
divisions. The S.L.W. plate has its shorter waves similarly 
crowded together on the initial dial divisions. 

By starting with 75 degrees оп a 8.L.W. plate for 1600 to 
800 Кс. and finishing up with 375 meters to 585 meters on a 
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S.L.F. plate, we avoid crowding along both S.L.W. and S.L.F. 
scales. 


'" SLW POLAR 


n [ERE 


a / жарады жы 


СА M Ls / 


| FiGvRE 3—S.L.W. Plate 


The S.L.W. plate is very easy to select from the S.L.W. 
polar curve shown in Figure 3. Unlike the S.L.F. curve, this 
S.L.W. polar curve starts exactly at the pole itself, when / is 


и 
| 
о | 
FiGcRE 4—S.L.F. Plate Segment 


zero. In a word, the radius is zero, in accordance with the 


equation : 
p?=4 К ө 


and the area, denoted by 4, is given by 
A=K @ 
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The law of relative areas for S.L.W. ranges is the same in 


form as that for the S.L.F. type of plates, 7.4. @ = + where Y 


"d S.L. Ww. Plate Segment 


Low equencies 


is the actual total plate rotation, g is the ratio of maximum to 
minimum wave length and a is the angle of the shortest polar 
radius vector used in Figure 3, corresponding to the shortest 
radio edge (in the S.L.F. plate it is the longer radial edge) of the 
condenser plate. 
Working out these angles for the combined plate from 
р? 03 = К for S.L.F. 
and p? -4 K' юг S.L.W. 


we find that the S.L.W. shortest edge is at 75 degrees from the 
initial line—see Figure 4,—and ends at 150 degrees from same. 
The last edge here and the first edge of the S.L.F. area must be 


ы 


7$? 


Mir 


Ё 


Figure 6—Combined S.L.F. and S.L.W. Plate Segments 
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the same in length, though the S.L.W. and S.L.F. curves need 
not be tangent to each other at this point, as some engineers 
seem to think. 

The S.L.F. edge is started at 262 degrees and takes up 105 
more degrees, ending at. 367 degrees, as in Figure 5. Note that its 
longest radius at 367 degrees is the same as the shortest radius 
of the S.L. №. polar plate area. 

The combined plate is sketched in Figure 6 and as we have two 
separate constants К and К, we have two degrees of mathematical 
freedom to make these edges as short or as long as necessary to 
coincide. No account is taken of cut-outs, for simplicity of 
illustration. 


RADIO SIGNAL STRENGTH AND TEMPERATURE* 


By 
L. W. Асвтім AND I. J. WyYMORE 
(LABORATORY FOR SPECIAL RADIO TRANSMISSION RESEARCH) 


(Conducted jointly by the Bureau of Standards and the American Section of 
the International Union of Scientific Radio Telegraphy) 


During the cold waves of January, 1924, a marked increase 
in the strength of the signals from the transatlantic radio stations 
at Tuckerton and New Brunswick, N. J. was observed at Wash- 
ington.' This was considered remarkable as the commonly 
accepted ideas regarding the earth’s atmosphere indicate that 
there should be no connection between the weather near the 
ground and conditions at a height of 100 km., or more, where the 
main variations in signal intensity are supposed to be produced. 


'Transmission from stations at moderate distances, 200 to 600 
km., seems better fitted for the study of possible meteorological 
influences than that from distant stations; for, while the relative 


ived by the Editor, August 14, 1926. | 
published b permission of the Director of the National Bureau of 


Standards of the United States Department of Commerce. 
1 PROCEEDINGS OF THE INSTITUTE OF Rapio ENGINEERS, vol. 12, p. 
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variations in signal field intensity are approximately the same, 
in the latter case weather conditions can not be expected to be 
uniform over the whole signal path. For distances much less 
than 200 km., the variations in signal strength for ths usual trans- 
atlantic wave lengths may become too small for profitable study. 

Continued daily observations on the two stations, extending 
over more than two years appear to prove that there is some kind 
of inverse relationship between signal strength and local temper- 
ature, though this temperature effect is often masked by other 
influences. 


The degree of temperature—signal relationship may be 
judged from the accompanying curves for the year 1924. In the 
curve of monthly averages for the year, the average daylight 
signal intensity of the two stations corrected for antenna current 
changes is shown in millivolts per meter with the corresponding 
curve of 100/temp. (F.). The curves of daily averages for each 
month represent the plus and minus deviations of the signal 
intensity and of the temperature from the monthly means. 

In the case of the curve of monthly averages, the connection 
between signal and temperature is self evident, the average 
signals of February being more than twice as strong as those of 


Digitized by Google 


AUSTIN AND WYMORE: RADIO SIGNAL STRENGTH AND TEMPERATURE 


MEC Pu 
J! ETT TEET 
BS ERP eS Te 
AA +, 


Li ДЕ ИЙ 


Digitized by Google 


284 AUSTIN AND WYMOHE: RADIO SIGNAL STRENGTH AND TEMPERATURE 


July and considerably stronger than would be required by the 
inverse distance law (3.52 millivolts per meter). The day-by- 
day relationship is less satisfactory, varying from fairly clear in 
the winter months to obscure in midsummer. 

That the variations in signal strength are actually produced 
in the upper atinosphere and not in the portion of the wave travel- 
ing along the ground seems to be proved by the fact that in the 
region involved there is no definite change in signal intensity, 
due to long continued rains or droughts or to the presence or 
absence of snow, for wave lengths over 1,000 m.? In addition. 
it is hardly conceivable that the rapid intensity changes observed 
during cold waves could be due to the penetration of frost in the 
ground, which is of necessity a gradual process. 


Frequency | zu Antenna ' Effective 


Length Current Height | Distance 


New Brunswick... 22. = 13,600 m. 600 amp.* | 66 m. 28] km. 
Tuckerton........ » : 15,900 m. 900 amp. ! 68 m. 251 km. 


ФАП observations are reduced to 600 amperes antenna current for New Brunswick and 500 
amperes for Tuckerton. 


25ее PROCEEDINGS oF Tug INSTITUTE оғ Влто ENGINEERS, vol. 3, р. 
310; 1915. 


PREFERRED NUMBERS 


Ву 
L. А. HAZELTINE 


Among the many projects in standardization that are being 
considered by the American Engineering Standards Committee 
is one with а very wide field of application and of interest to all 
classes of engineers. This is the use of so-called Preferred Num- 
bers. Such numbers are applicable particularly in the rating of 
apparatus where the values are initially arbitrary, where the 
range in values is wide, and where а geometrical series is not 
precluded by special technical considerations. The rating of 
motors is an example. А one-horsepower motor is in common 
commercial use, not because there is naturally more demand 
for 1 h.p. than for 0.9 or 1.1 h.p., but because the number 1 is 
a round number. The next larger size might be 1.5 h.p. or 2 h.p., 
depending on the size of step required by commercial consider- 
ations, rather than such odd numbers as 1.45 or 2.1 respectively. 

Now the system of preferred numbers that has been most 
favored is one having the following properties: The numbers 
are very closely in à geometrical series; they include the number 
and factor 10, so that the series can be indefinitely extended by 
factors which are powers of 10; they include a large portion of 
the "roundest'" possible numbers—that is, single-digit whole 
numbers; they include the number and factor 2; and from 
the principal series, other series can be derived to give finer or 
coarser steps. "The principal series is given in column 1 of 
Table I. Гог a coarser series, every other number may be 
omitted as in column 2, and for a finer series, geometric mean 
numbers may be interpolated as in column 3. 

These series, with minor modifications, have been accepted 
in some European countries, conspicuously France and Ger- 
many. They are regarded as affording an underlying basis for 
the rational selection of sizes; and while not always adhered to 
on account of practical considerations, are given study as a 
possible solution, followed through in principle or in detail, in 
so far as conditions seem to permit. At the time of the recent 
meeting in New York of the International Electrotechnical 
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Commission, an informal conference was held in which several 
foreign engineers recounted their experiences with Preferred 
Numbers, and the consensus of opinion was quite favorable 
toward their extended use. | 


TABLE I 


t2 = 
Ores 


Smo boot 
wt 


V 


tS 4 с 


1: 
1 
1 
1 
1. 
2 
2. 
2 
2. 
3 
3 
4 
1. 
5 
5. 
6. 
7. 
S 
9 


Possible applications of preferred numbers in the radio field 
would be in the capacity ratings of fixed condensers and in the 
resistance ratings of fixed resistors. It would seem that the 
values given in Table II, which covers only a limited range, 
would well fill commercial requirements and would be sufficiently 


TABLE II 


Fixed Condensers, Grid Leaks. 
Capacity in Microfarads. Resistance in Megohms. 


0.00025 0.25 
0.0004 0.4 
0.00064 ) 


0.001 
0 0016 
0.0025 
0.004 
0.0064 
0.01 


HAZELTINE: PREFERRED NUMBERS 787 


near the values of present practice to impose по hardship. Many 
. other uses in radio, are, of course, apparent. 

The Institute of Radio Engineers is taking part in the study 
of Preferred Numbers and their application, being represented 
on the A. E. S. C. Sectional Committee by the writer. 
Comments by radio engineers would be most welcome. The 
American Engineering Standards Committee has available a 
number of publications on the subject, which may be obtained 
by those interested, on request addressed to its headquarters 
at 29 West 39th Street, New York City. 


DIGESTS OF UNITED STATES PATENTS RELATING TO RADIO 
TELEGRAPHY AND TELEPHONY* 


Issued September 7, 1926 October 26, 1926 


By 
JOHN B. BRADY 
‘Patent Lawyer, Ouray Building, Washington, D. C.) 


1,598,630 —А. M. WENGEL, Madison, Wisconsin. Filed June 6, 1922, issued 
September 7, 1926. 


ELECTROTHERAPEUTIC APPARATUS for operation from the usual 
110-volt, 60-cycle current with an oscillatory circuit connected to a spark- 
gap systern which 1$ excited from a step-up transformer. 


1,598,663— J. S. STONE, San Diego, California. Filed November 31, 1920, 
issued September 7, 1926. Assigned to American Telephone and Tele- 
graph Company. 

MULTIPLEX RADIO TELEGRAPHY AND TELEPHONY, in which a 
plurality of pairs of balanced transmitting antennas and a plurality of 
pairs of balanced receiving antennas are provided, each transmitting pair 
being conjugate with each receiving pair. 


1,598,848 —C. C. CHAPMAN, Palo Alto, California. Filed March 24, 1923, 
issued September 7, 1926. Assigned to Federal Telegraph Company. 


RADIO FREQUENCY ARC CONVERTER AND METHOD OF 
OPERATING SAME. Ал arc converter is illustrated having a gaseous 
atmosphere supplied to the arc chamber. The gaseous atmosphere con- 
tains hydro-carbon material and an auxiliary heater is provided for de- 
composing the hydro-carbon and altering the molecular structure of the 
material. 


1,599,453-- Н.А. AFFEL, Brooklyn, New York. Filed June 24, 1922, issued 

September 14, 1926. Assigned to American Telephone and Telegraph 
Company. 
ANTENNA STRUCTURE, for operation with a plurality of different 
wave lengths where a plurality of filters each having different frequency 
cut off points are connected between the terminating point of the antenna 
and an outer end thereof, the distance between cach of the filters and the 
terminating point of the antenna being the optimum length of the an- 
tenna for the frequency at which the particular filter cuts off. 


1,599,471 R. Е. KENYON, San Francisco, California. Filed March 7, 
1925, issued September 14, 1926. 
RADIO RECEIVER, in which a crystal detector is mounted upon a 
vertical panel and a rock lever provided for permitting the searching of 
the surface of the crystal. 


1.599,586- - Е. S. PURINGTON, Cambridge, Massachusetts. Filed April 27, 
1922, issued September 14, 1926. Assigned to John Hays Hammond, Jr. 
RADIANT SIGNALING SYSTEM, whereby a semi-secret method of 
broadcasting is provided. Oscillations are produced of substantially 
constant amplitude and then the frequency wobbled and the signals 
transmitted by alternately impressing signaling current in the wobbled 
or unwobbled condition in the transmission circuit. 


"Received by the Editor November 22, 1926. 
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13 1902 T, час September 14, 1926. Assigned to Westinghouse Electric 
and Manufacturing Company. 

МАКАТ ЕІ, OPERATION OF ARC OSCILLATORS, for obtaining a 
‘oy ty alternating current from a direct current source of low voltage. 
ves esl arc included in the direct current leads to the arcs to prevent 
Cot de niting of the oscillating current and there is a ballast resistor 
дало АТ cach of the arcs. 


из’ HW. DAVIS, Cleveland Heights, Ohio. Filed March 18, 1922, 
TONS Neptember 14, 1926. 
KAIO KIECEIVING UNIT, consisting of a support for an electron 
Obs, a control rheostat and a jack for providing connections to а tele- 
elus headset. 


ji 2351 А. TOELLE, Anderson, Indiana. Filed October 13, 1922, issued 
z. peti uiber 14, 1926. Assigned to General Motors Corporation. 


v UNDIONSER of coiled strip formation where the strips are wound in 
ie. shape of a cylinder and the cylinder supported from opposite ends, 
ивы В provide terminals for the condenser. 


ivy 059. С. E. WILSON and Н. E. NORVIEL, Anderson, Indiana. Filed 
july 24, 1922, issued September 14, 1926. Assigned to General Motors 
{н poration. 
( ONDENSER of rolled paper and conductive strip construction formed 
m а compact cylinder body. 


1399. 960 а. Е. GILCRIST, San Francisco, California. Filed April 27, 
1925, issued September 14, 1926. 
PORTABLE FOLDABLE RADIO ANTENNA, consisting of wire 
taimes which may be opened to cover a relatively large area or folded 
into compact size. 


000,060 Н. J. NOLTE, Schenectady, New York. Filed September 18, 

1923, issued September 14, 1926. Assigned to General Electric Com- 
pany. 
ELECTRON DISCHARGE DEVICE of high power, wherein the grid is 
tormed in a coil supported upon a frame carried from a ring which is bent 
around a plurality of supporting arms for providing a rigid mounting for 
the electrode. 


‚600,115 -L. D. KIMMEL, Bluffton, Ohio. Filed Мау, 26, 1923, issued 
September 14, 1926. 


MILLED FCST CCNSTKUCTICN FCR VARIABLE CONDENSER 
where a hexagcnal pcst is milled to receive the edge of a condenser plate 


.600,204- E. F. W. ALEXANDERSON, Schenectady, New York. Filed 

November 28, 1924, issued September 14, 1926. Assigned to General 
Electric Company. 
MEANS FOR TRANSMITTING ANGULAR MOTION, where im- 
pulses are radiated and the time-period thereof varied in accordance with 
the position of a transmitting device in such manner that a receiving de- 
vice is enabled to reproduce the movements of a motion transmitting 
device. 


1,000,321 J. MILLS, Wyoming, New Jersey. Filed December 28, 1920, 


issued September 21, 1926. Assigned to Western Electric Company. 
OSCILLATION CIRCUIT having a high degree of constancy. The 
circut is enclosed in an envelope where the pressure is maintained low 


compared to that of the atmosphere for avoiding changes in frequency, 
due to changes in temperature. 


BRADY: DIGESTS OF U. s. RADIO PATENTS . 191 


1,601,065—T. R. GRIFFITH, Dover, New Jersey. Filed October 5, 1920, 
issued September 28, 1926. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the cathode is centrally 
positioned with respect to the cathode and grid and water-cooled by an 
eternal supply of water to the tube. 


1,601,066—-). E. HARRIS, Newark, New Jersey. Filed Dcember 8, 1922, 
issued September 28, 1926. Assigned to Western Electric Company. 
ELECTRIC DISCHARGE DEVICE, in which a cathode is provided, 
composed of barium and strontium oxides and an oxidized nickel chrom- 
ium alloy grid. 


1,601,070—J. W. HORTON, East Orange, New Jersey. Filed April 18, 1922, 
issued September 28, 1926. Assigned to Western Electric Company. 
WAVE METER, comprising resonant circuits for attenuating the current 
supplied thereto by different amounts and an indicator. Currents are 
supplied to the indicator in opposite direction and by controlling the 
resonant circuits the effective currents supplied to the indicator may be 
measured, which 1$ proportional to the indication of wave length. 


1,601,071 J. W. HORTON, Bloomfield, New Jersey. Filed April 18, 1922, 
issued September 28, 1926. Assigned to Western Electric Company. 
OSCILLATION GENERATOR, in which tubes are coupled in feed- 
back relation and the entire oscillating output energy delivered through 
a path adapted to limit at a predetermined value the amplitude of the 
oscillator current. Oscillations of a selected frequency are produced by 
the current transversing this path and the potential of selected frequency 
may then be impressed upon the control element of one of the tubes of the 
systern. 


1,601,075 A. W. KISPAUGH, East Orange, New Jersey. Filed April 10, 
1924, issucd September 28, 1926. Assigned to Western Electric Company. 
SYSTEM OF SPACE DISCHARGE DEVICES, in which energy is sup- 
plied to the electrodes of the tubes in proper sequence and its applications 
controlled to prevent surges in the circuit of the system. 


1,601,109 E. L. CHAFFEE, Belmont, Massachusetts. Filed March 31, 
1922, issued September 28, 1926. Assigned to John Hays Hammond, Jr. 
MULTI FREQUENCY RESONANT NET WORK, in which oscilla- 
tions at different frequencies are impressed upon a net work which com- 
prises reversely arranged couplings for preventing current impulses of one 
of the frequencies trom reacting upon the source of the impulses of the 
other of the frequencies with means operatively connected with the net 
work for impressing the energy upon the ether for transmission of signals. 


1,501,281 К. ГО. AHLSTRAND, Stockholm, Sweden. Filed May 4, 1926, 
issued September 28, 1926. 
VARIABLE CONDENSER FOR TUNING ELECTRIC OSCILLAT:.- 
ING CIRCUITS, in which a hollow spindle is provided with an auxiliary 
shaft thereon for securing a fine variation in the capacity of the condenser 
independent of larger variation under action of the main plates. 


1,501,300 L. DIAMOND. Oakland. California. Filed July 27, 1925, issued 
September 28, 1926. 
HELICAL PLATE CONDENSER. wherein the special relation of the 


plates may be varied by axial movement of a condenser shatt. 


1,601,313 - M. LATOUR, Paris, France. Filed August 19, 1921, issued 
September 28, 1926. Assigned to Latour Corporation. 
VACUUM TUBE RELAY, where a direct current generator 1s arranged 
to charge a battery, which in turn delivers energy to the circuits of an 
electron tube. 
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ILN А. PRESS, Wilkinsburg, Pennsylvania. Filed July 30, 1920. 
"sued September 28. 1926. Assigned to Westinghouse Electric and 
Manufacturing Company. 


DUPLEX RADIOTELEPHONY., in which the transmitting and receiv- 
ing apparatus is alternately effective during spaced time intervals and so 
arranged that intermediate such intervals the transmitting apparatus 
does not interfere with the local recetving apparatus. 


1.601.343 - О. BUCHHOLZ, Neiderschonhausen, near Berlin, Germany. 

Filed August 26, 1921, issued September 28, 1926. Assigned to Westing- 
house Electric and Manufacturing Company. 
WAVE SIGNALING SYSTEM, in which a ground connection may be 
established between the grid circuit of one of the tubes of a cascade 
amplifier while such ground connection is prevented with the grid circuits 
of others of the tubes constituting the amplifier. 


1.601.914- J. H. HAMMOND, JR.. Gloucester. Massachusetts. Filed 
December 27, 1916, renewed May 17. 1923, issued October 5, 1926. 


SYSTEM OF CONTROL BY LIGHT WAVES, in which a beam of 
sodium light is transmitted and received by a light sensitive element for 
actuating a responsive device. The receiving apparatus absorbs a specific 
spectrum of the light. Тһе mass of material which receives the specific 
spectrum is rendered periodically effective and ineffective with respect 
to the indicating device. 


1,602,056 PAUL M. TEBBS, Harrisburg, Pennsylvania. Filed December 
1, 1924, issued October 5, 1926. 
TUBE BASE, in which a tube is provided with side contacting members 
for establishing. connection. with radially directed contact members 
carried by the socket. 


1.002.085 C. W. КІСЕ and E. W. KELLOGG, Schenectady, New York. 

Filed April 10, 1920, issued October 5, 1926. Assigned to General Electric 
Company. 
RADIO RECEIVING SYSTEM, comprising a substantially horizontal 
directive recciving antenna grounded at both ends with a physical length 
of at least the order of tnagnitude of the half wave length of the signaling 
wave to be received. The reflection of waves along the antenna is pre- 
vented and the receiving energy impressed upon the signaling receiving 
circuit. 


1,002,086 С. W. RICE and Е. W. KELLOGG, Schenectady, New York. 

Filed July 15, 1921, issued October 5, 1926. Assigned to General Electric 
Company. 
RADIO RECEIVING SYSTEM, having highly directional character- 
istics. A low horizontal antenna is provided in which sets of series induct- 
ances and capacities are so proportioned that current waves of one 
particular frequency will be propagated along the length of antenna at a 
velocity substantially equal to the velocity of light. 


1.602.198 M. LATOUR, Paris, France. Filed July 15, 1920, issued October 
3. 1926. Assigned to Latour Corporation. 
AERIAL FOR RADIO TELEGRAPHY AND TELEPHONY, having 
a plurality of ground connections with an electrically coupled system 
connected to the antenna for effecting a predetermined current flow in 
the ground connections for a given unpressed transmitting current. 


1,602,401 С. E. PEARSON, Cleveland, Ohio. Filed March 1, 1923, issued 
October 5, 1926. Assigned to The Teagle Company. 
ELECTRICAL CONDENSER, where a plurality of conductive and 
diclectrie sheets are secured under pressure Бу а resilient metallic clamping 
sheet which extends over the entire condenser. 
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1,598,824-Р. E. KLOPSTEG, Chicago, Ill. Filed December 6, 1924, issued 
September 7, 1926. Assigned to Central Scientific Company. 
AERIAL FOR RADIO RECEPTION, consisting of a foldable device 
having a hub with removable arms disposed in said hub. The arms of 
the frame are odd in number and carry a plurality of loops in staggered 
relation at each side of the frame. 


1.599,104-—А. Н. TAYLOR, Washington, D. C. Filed May 29, 1923, issued 
September 7, 1926. Assigned to Wired Radio, Inc. 
THERMIONIC VACUUM TUBE CIRCUITS, for transmission where 
the tube circuits are provided with means for compensating for variations 
in the supply of energy from the source to the circuits of the tubes during 
the making of signals. 


1,599,180—0O. T. McILVAINE, East Cleveland, Ohio. Filed July 2, 1925, 
issued Septeinber 7, 1926. Assigned to The Radio Television Company. 
THERMIONIC TUBE, having an electron emitting mernber heated by 
a removable electric resistance unit which may be operated from the 
lighting circuit. 


1.602,439 --M. LATOUR, Paris, France. Filed ‘original: July 15, 1920: 
division filed October 30, 1923; issued October 12, 1926. 
ELECTROMAGNETIC WAVE GENERATING SYSTEM, in which 
an oscillation generator has its output controlled by a tube which 15$ 
placed in series with the grid filament circuit of the oscillator. 


1,602,566 —K. BURK, Basel, Switzerland. Filed January 6, 1925, issued 
October 12, 1926. 
FRAME AERIAL FOR RADIO TELEGRAPHY AND TELEPHONY, 
which may be folded into a compact space. Wire is wound upon a series 
of spools which are carried by a frame, the wire being formed into poly- 
gonal shapes with minimum distributed capacity. 


1,602,917 — L. О. MARSTELLER. Wilkinsburg, Pennsylvania. Filed August 

22, 1922, issued October 12, 1926. Assigned to Westinghouse Electric 
and Manufacturing Company. 
RADIO RECEIVING APPARATUS, of compact size in which the 
receiving apparatus is contained within a small casing and switching 
equipment provided on the exterior of the casing for establishing con- 
nection with the apparatus interior thereof. 


1,602,943 -KARL ROTTGARDT, Dahlem, Germany. Filed August 26, 

1921, issued October 12, 1926. Assigned to Westinghouse Electric and 
Manufacturing Coinpany. 
ELECTRICAL DISCHARGE VESSEL FOR THE PRODUCTION 
OF AMPLIFICATION OF OSCILLATIONS. in which a plate electrode 
and two grid electrodes one on each side of the plate electrode are pro- 
vided. There is a direct metallic connection between the grid electrodes 
so that the grid electrodes are maintained at the same potential. 


1.602,975--PAUL M. HENGSTENBERG, Wilkinsburg, Pennsylvania. 
Filed September 16, 1922, issued October 12, 1926. Assigned to Westing- 
house Electric and Manufacturing Company. 
RADIO RECEIVING APPARATUS, comprising a compact assembly 
of apparatus in which inductance coils within a casing are connected to 
an exterior switching apparatus. The supports for the casing also provide 
connections for the inductances interior of the casing. 


1,603,041 - R. GAUDIO, Brooklyn, New York. Filed February 18. 1926, 
issued October 12, 1926. 
VARIABLE CONDENSER, comprising a pair of flat annular discs 
embedded іп insulation material, one plate being movable with respect 
to an adjacent plate for varying the inutual capacity. 
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1.603,156-ЕКАМК SEELAU, Detroit, Michigan. Filed October 23, 1924, 
issued October 12, 1926. 
VARIABLE CONDENSER, consisting of flexibly mounted plates mov- 
able within a casing with a rotatable device for varying the spacial relation 
between the plates and the casing. 


1,603,184—J. J. AURYNGER, Brooklyn, New York. Filed August 16, 1922, 
issued October 12, 1926. 
CONDENSER, in which the plates are provided with a pluralityTof 
perferations having equal electric density throughout with a distributed 
unit area of plate capacity. 


1,603,209—J. Н. PAYNE, JR., Ballston Spa, New York. Filed September 
30, 1922, issued October 12, 1926. Assigned to General Electric Company. 
ELECTRICAL DISCHARGE DEVICE for high power operation 
consisting of a metallic casing with an electrode supported in the casing 
and a seal including a vitreous sleeve with a flexible member connecting 
the electrode and the seal. 


1,603,284—J. B. JOHNSON, Elmhurst, New York. Filed November 24, 
1924, issued October 19, 1926. Assigned to Western Electric Company. 
ELECTRIC DISCHARGE DEVICE, having a fluorescent screen com- 
prising a mixture of zinc salt and calcium tungstate. 


1,603,369—T. WHEELER, Chicago, Illinois. Filed May 8, 1924, issued 
October 19, 1926. 
LOOP AERIAL AND THE LIKE, which may be folded into a small 
compact structure for portable use. The cross arms are each arranged 
to support the wires in spaced relation at the extremities thereof. 


1,603,468 -BERLIN-FRIEDENAU, Germany. Filed October 19, 1922, 
issued October 19, 1926. Assigned to Siemens and Halske. 
METHOD OF IMPROVING THE INSULATION OF VACUUM 
TUBES, by providing an outwardly opening concavity whose walls 
consist of the same material as that which constitutes the tube. The 
outer opening of the cavity is closed by means of a non-hydroscopic 
insulator. 


1,603,494 —E. S. PRIDHAM апа Р. L. JENSEN, of Oakland, California. 
Filed November 8, 1924, issued October 19, 1926. Assigned to The 
Magnavox Company. 

RADIO RECEIVING APPARATUS, in which a plurality of variometers 
are journaled on separate shafts and connected together by gearing for 
siinultaneous control from a central point. 


1.603,582—L. M. CLEMENT. Mountain Lake, New Jersey. Filed May 3, 
1921, issued October 19, 1926. Assigned to Western Electric Company. 
CARRIER WAVE TRANSMISSION SYSTEM, in which radio toll 
links are provided for connecting ordinary telephone and telegraph 
systems for two-way communication. The abrupt switching required in 
establishing radio toll connections introduces the problem of undesirable 
surges in the transmitter oscillator, and the invention is directed to 
circuits for avoiding these difficulties. 


1.603,640 —WALTER C. REED, Dalton, Massachusetts. Filed May 20, 
1925, issued October 19, 1926. Assigned to Radio Products and Specialty 
Company. 

RADIO FIXED CONDENSER, where a central eyelet rivet is provided 
for holding a plurality of concentric plates under pressure. 


Borrau _ — m —_ €———Ó—— ЗРО 
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1,603,939—W. DUBILIER, New York, М. Y. Filed January 21, 1921, 
issued October 19, 1926. Assigned to Dubilier Condenser and Radio 
Corporation. 


CONDENSER CONSTRUCTION for fixed electrical condensers wherein 
high insulation is afforded by the arrangement of a plurality of condenser 
sections into stacks which are separated from each other by dielectric 
sheets. 


1,604,129--A. MEISSNER, Berlin, Germany. Filed August 8, 1922, issued 
October 26, 1926. Assigned to Gesellschaft fur Drahtlcse Telegraphie. 


TRANSMITTING ARRANGEMENT FOR RADIO TELEGRAPHY 
AND TELEPHONY, in which a plurality of separate paths are provided 
at different areas of the antenna. These areas are positioned at success- 
ively increasing distances frorn the apparatus and the paths have equal 
impedances. 


1 604,140—H. А. AFFEL, Maplewood, New Jersey. Filed September 19, 


1924, issued October 26, 1926. Assigned to American Telephone and 
Telegraph Company. 

MULTIFREQUENCY OSCILLATOR, having a closed path in which 
the oscillations flow with circuits for determining a primary frequency 
and tuned circuits for providing a plurality of changes in frequency as 
the energy flows over the path. The frequencies which result from such 
frequency changes are not related to the primary frequency as harmonics 
thereof where an antenna is provided with separate paths connecting the 
apparatus with different areas of the antenna. These areas are at success- 
ively increasing distances from the apparatus and the paths have equal 
impedances. 


1,604,171—C. B. KINLEY, Detroit, Michigan. Filed June 23, 1925, issued 
October 26, 1926. 
CONDENSER OPERATING DEVICE, in which a slidable rack is 
arranged to operate a plurality of pinions for reciprocating sets of con- 
denser plates with respect to other sets of condenser plates for controlling 
the tuning of a plurality of circuits. 


1.604,403.—JOHN Н. FLYNN, JR., Cincinnati, Ohio. Filed December 15, 
1924, issued October 26, 1926. 
RADIO APPARATUS, in which a crystal detector is provided having a 
reciprocatory contacting arm which may be adjusted in position to select 
a sensitive point on the crystal. 


1,604,508 -ZISCH, G. J., West Orange, New Jersey. Filed March 25, 1925, 
issued October 26, 1926. 
VERNIER CONDENSER of the variable plate construction where the 
sets of plates consist of sectors having progerssively differing areas. 


1,504,533 RYAN, C. P., East Molesey, England. Filed February 26, 1924, 
issued October 26, 1926. Assigned to Vickers Limited. 
RADIO CONTROL APPARATUS, which is tuned to the tone frequency 
of the signals and selectively actuated by incoming signals for closing a 
local control circuit. 


D-71,138 -FREDERICK DIETRICH, New York City, N. Y. Filed June 
28, 1926, issued September 28, 1926. Assigned to Brandes Laboratories, 
Incorporated. 

TABLE CONE DESIGN as manufactured by Brandes Products Corpora- 
tion comprising an acoustic chamber and cone with a parabolic sound 
reflecting chamber enclosing the cone. 
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1,604,017 —C. A. BRIGHAM and D. Н. MOSS of Newark, New Jersey. 
Filed October 2, 1925, issued October 19, 1926. Assigned to Brandes 
Laboratories, Incorporated. 

CONE TYPE LOUD SPEAKER, where the cone diaphragm is mounted 
within an acoustic chamber such as the cabinet of a radio receiver, and 
the, sound reproduction modified by the operation of the cabinet. 


1,600,980— WILLIAM Н. GERNS, of East Orange, New Jersey. Filed 

December 11, 1925, issued September 28, 1926. Assigned to Brandes 
Laboratories, Incorporated. 
SOUND REPRODUCER, consisting of an electro-magnetic operating 
mechanism having a screw threaded casing which may be adjusted to 
selected positions with respect to a sound-reproducing diaphragm for fix- 
ing the magnetic gap for efficient operation for particular programs. 
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PROVEN DEPENDABLE 


In millions of homes where Radio is Entertainment; in 
thousands of homes where Radio is a Hobby, and. in 
thousands of laboratories where Radio isa serious matter 


for Research—Cunningham Radio Tubes have proven 
dependable. 


The familiar Orange and Blue Carton is famous the 


world over as representative of tube quality in reception 
plus rugged endurance. 


Since 1915— Standard for АЦ Sets 


Types С- & CX— 
Branch: CHICAGO Branch: NEW YORK 
Home Office: E LA d 
182 Second Street, San Francisco REN VA S 
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RADIO CONDENSERS 


Constant Capacity 

Extremely Low Losses 

Safety Gap Protection 

High Current Carrying Capacity 
Minimum Volume 
Moisture-Proof Construction 
Long Life 

Quick Deliveries 


These are some of the reasons why radio 


engineers specify FARADONS. 
There are over 200 standard FARADON con- 


densers on which immediate deliveries can be made. 
Complete new catalog will be sent on request. 


Wireless Specialty Apparatus Company 
BOSTON, MASS. 
Established 1907 
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for all Radio Applications 


The R-S line includes—in addition to the usual radio fre- 
quency ammeters—a most complete line of 715" and 9” 
Horizontal Edgewise and Illuminated Dial Ammeters, 
Voltmeters, Wattmeters, Frequency Meters, Power Factor 
Meters. Ground Detectors, Synchroscopes and Transform- 
ers. А copy of new R-S Bulletin K-450 should be in the 
hands of every man who is interested in electrical measure- 
ments. Your copy is ready. Send for it. 


“Оуег thirty years experience is back of Roller -Smith" 


OLLER-SMITH COMP. 


Electrical EE Protective Apparatus | 
R25 
] | "e j 
MAIN OFFICE: AH WORKS: 


2134 Woolworth Bldg., NEW YORK ; Bethlehem, Peansylvania 
Offices in principal cities т О. S. A. and Canada; also in Havana, Cuba 
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LABORATORY CONDENSER 
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А high-grade laboratory condenser at а moderate price. 


Its features are low power factor, high capacity, and per- 
manence of calibration. 
Resistance at 1,000 cycles and 1,500 MMF 12 Ohms. 


Type 246L 55 ММЕ min. 1,500 MMF max.....$28.00 
Type 246M 70 MMF rnin. 3,000 MMF max..... 34.00 
Type 246P 72 MMF min. 5,000 MMF max..... 38.00 


(Fully described in Bulletin 109X) 


GENERAL RADIO CO. 


Manufacturers of 


Radio and Electrical Laboratory 
Apparatus 


Massachusetts Avenue and Windsor St. 


CAMBRIDGE 39, MASSACHUSETTS 
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De Luxe 


F you require a specialized type of transformer—the American Trans- 

former Company can help you. If you want intelligent cooperation 
on any transformer problem, come to this Company. Whether it's audio 
uansformers, power transformers or choke developments, we are capa- 
ble of filling your needs. It is this expert viewpoint that is so evident 
in our latest product The AmerTran DeLuxe. You will find this 
transformer strictly up to the engineer’s standard in construction, ad- 
vanced design and performance. 


VOLTAGE AMPLIFICATION 
TRANSFORMER ONLY 


a 
Ж 206 НЕЕ 


| FREQUENCY SCALED IN OCTAVES. 


While the AmerTran De Luxe will improve any set. appreciation of its uniform 
amphfying qualities can best be realized when operated in conjunction with straight 
line frequency loudspeakers, such as the best cone and disc types, and with a tube 
in the last stage capable of handling the output. This De Luxe AmerTran shows a 


gain of three additional octaves below that previously obtained. 


It is made in two types, one for the first stage and one for the second. The chief 


difference. between these two types is that the first stage transformer has about 50% 


greater primary inductance than the second. thus more nearly corresponding to the 
operating impedances of the tubes out of which they work. For this reason it із 
advisable to purchase and operate. these transformers by the Pair. Price, either type, 


$10.00 (F.O.B. Newark). 


Sold at Authorized AmerTran Dealers 


AMERICAN TRANSFORMER COMPANY 
NEWARK, N. J. 
"Transformer builders for over twenty-five years” 
Write for booklet describing all AmerTran products and their uses 
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Flexible Unit Control 


Always 
Wellin Advance 


ii m Synchrophase, as usual, is 
fully a year in advance of 
other receivers. This is due to 
n those Grebe developments which 
Mh" ERtension have contributed so much to the 

pe improvement of radio reception. 
As past experience will show, these 
advances may be adopted, perhaps next year, 
on sets of other manufacturers. 


The high-wave reception range of the Grebe dial 
(B.—from 550 down to 240 meters equals the 
practical tuning range of the usual receiver. 
The low-wave range of the Grebe dial (А) 
provides кач опа! reception down .to 
me 


DOYS 
c2 
5% 


MEN 


So, in buying a Synchrophase now, you are 
assured of a receiver well in advance of others, 
and a quality of reception which they will take 
some time in equaling, if ever. 


ALR 


Р, 


Write for Literature 


A. H. Grebe & Co., Inc., 109 West 57th St., N.Y. 


Factory: Richmond Hill, N. Y. 
Western Branch: 443 So. San Pedro St., Los Angeles, Cal. 
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This company 


SYNCHROPHASES 


TRADE MARK REG. М $. РАТ. OFF 


It is written: 

**[t is foolish to try 
to grait а bamboo 
shoot оп в cherry 
troe.” 

The adding of Grebe 
developments ta 
other receivers does 
notoeutSvnchropha«e 
Gunns into them. 
эсу Grebe сап do 
tnat. 


iis E 


9 4); 
А А 
с 


АШ Grebe appara- 
tus is covered by 


ча А, As Pak 7S. 
a, ну 455 Ды. 


patenta granted and 

ь 925 [IT 
„у -ч 
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pendin&ge 
The Svynchrophase is 
also supplied without 
battery base. 


A UNIQUE 
WESTON radio panel 
-ombination-Model 
s,oVoltmeter andl WESTON 
«rversal Bi-Polar Switch 


к“ «** UNUSUAL] RADIO results, for economy and for positive set control we announce this 
ungue Weston combination of panel Voltmeter and Switch. 


luat a twist of the Bi-Polar Switch and you instantly and accurately make a complete elec- 
unal check on апу type of radio set! 


Obvious operation advantages lie in quick and positive knowledge of all voltage condi- 
tions as read on this double scale (140. 7 volts) Voltmeter. 


By placing a Weston Model 506 Voltmeter and a Multi-Point Switch on the panel 
of your set you insure the use of tubes at proper filament voltages; you can con- 
stantly check battery conditions and get the best results from your set. 


Турка! of its value is its use on a five-tube neutrodyne—-you can regulate 
the filament voltages of: the Radio Frequency Tubes, Detector Tube, the 
First and ЗГЕ ond Audio Ftequency Tubes, and check the voltages of the 

“А” and "C" Batteries, the detector “В” and Amplifier “В” Bat 


Weston quality Radio Instruments lead in this new field as they 
lo in every other electrical outlet in commerce, industry, re- 
search For further information on this device write fer 


WESTON ELECTRICAL INSTRUMENT CORP. 
‘3 Weston Avenue, Newark, N. J. 


STANDARD THE WORLD OVER 


WESTON 


Pioneers since 1888 
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y, ON will welcome 
the opportunity of cooperat- 
ing with set manufacturers 
to create speakers adapted 
to the particular needs of 
their receiving sets. Brandes 
are experts in radio acoustics. 
Thev have well-equipped 
laboratories manned 
Бу a large and 
efficient 
stat. 


eo 
@ 


Brandes 


Ferperts in radio acoustics 
since 1908 


Who tests 


_ your tubes? 


HE same great re- 

search laboratories 
that developed the Mazda 
lamp have developed the 
Radiotron. The five great 
factories that manufacture 
the Mazda lamp, manu- 
facture the Radiotron. 
And the same genius and 
the same scrupulous ac- 
curacy are behind the test 
methods developed for 
the RCA test laboratories. 


A Radiotron is far more 
difficult to make than an 
electric lamp. To insure 
the high standards of uni- 
form perfection that have 
made famous the names of 
RCA, General Electric and 
Westinghouse, the RCA 
laboratories have devel- 
oped tests delicately ex- 


act. When vou buy a va- к; 

cuum ctube—know who T 

made and tested it. Look RADIOTRON UV-199 

for the RCA mark and the is the standard tube for 

name Radiotron оп the dry battery sets. 

Һас. RADIOTRON UX-199 
mm Е IS exactly like it, but has а 

"HE Da ION OF ud. қ new base. 

м. P Н dut "d tal t e tg. 


RCA~Radiotron 


MADE BY THE MAKERS OF RADIOLAS 
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RADION 
Serves 
Manufacturers 


Manufacturers of sets and parts have 
generally appreciated the desirability 
of RADION insulation and the great 
factory facilities of the organization 
that produces it. 


That is why somuch RADION 1s used 
as insulation for 


Condensers Sockets 
Coils Tubes 
Jacks Panels 
Batteries Base Panels 


Head Phones Binding Post Strips 


Easy to machine, accurate when mould- 
ed, RADION simplifies the problems 
of production and assembly. From 
the tiniest bushing to the largest panel, 
RADION serves the radio industry 
efficiently and economically. 


Manufacturers are invited to consult 
us freely and ask for experimental and 
test samples of RADION “Тһе Su- 


preme Insulation.” 


American Hard Rubber Co. 


11 Mercer Street New York 


The New RATHBUN 
Straight Line Frequency 


CONVERTER 


This new instrument is a real solution to the tuning prob- 
lem. Ц gives perfect, simplified control to coordinate the 
tone, volume and power factors in a receiver. 


The Rathbun Straight Line Frequency Converter is adapted 
for use on every set —without change of equipment—except 
the condenser dials. Each station is given a distinct reading 
at a uniform distance from the next. Tuning with flawless 
precision over 360"; —one complete revolution of the dial— 
the Rathbun Straight Line Frequency Converter neither 
crowds or limits control. It is Straight Line Frequency tun- 
ing with ordinary capacity condensers. The elimination of 
gears and friction. the use of only two moving parts—a vari- 
able cam and a lever makes possible quick and easy set instal- 
lation without cutting condenser shafts or drilling panels. 


It is sold with the guarantee of reliability and satisfaction 
attached to all Rathbun Radio apparatus. 


Price $3.50 


Remember that we build the Rathbun Single Hole Mounting 
Condenser with genuine Bakelite ends. This year s models 
are enclosed with transparent pyralin dust bands which pre- 
serve their high efficiency for life. They are small, light, 
Tuzaed handsome -and reasonabls priced. 


RATHBUN MANUFACTURING COMPANY, Inc. 


Jamestown, New York 


R A O rius N 
КІІЦІУ 


Mn . uua 


Voltage Amplification. ‘of | 
n , PACENT Superaudioformer №27 `~ 
| m 20l-A Amplifier Circuit E 


Бе 
Телі тте „Ме 
КАРТ dant evades 


1 * 
E— 
| * 

у 
% * 
* * 
% 


қ 
4: 
Р. | 

A 
= 
me 
3! 
$: 


| 
-.... 


| Laboratones and verified by ол Engineers 
ақ. Құ 4 PACENT Electric Company yo. 
tng бер бес ч UI. р ака 


І 

i 
1 
i 

* % 4 =» 

— И Dra x dh. Эа acit с! | 

| -| Curves taken in several moeperaent | 

| 

| [ 

| Cycles рег Second | t.— i d р! = 


The Choice of the Engineer! 


HE ABOVE CHART, showing voltage amplification of the Pacent 

SUPERAUDIOFORMER No. 27—in 201-A Amplifier Circuit—repre- 
sents the average of a number of curves taken in several independent labora- 
tories (including the oldest and largest engineering laboratories in the world) 
and verified by Pacent engineers. The smooth, even progress of the curve 
graphically tells the story of its extraordinary uniformity of amplification and 
why those who have investigated it pronounce the SUPERAUDIOFORMER 
"the best transformer made." 
The SUPERAUDIOFORMER is a giant trans- 
former that—installed in any set—will result 
in an amazing improvement in the musical 
values in broadcast reception. Ratio 3 to 1— 
high enough for energy amplification of 500 to 
| per audio step— yet low enough so that high- 
er frequencies are not distorted. Practically 
uniform amplification through six octave cycles. 
D'esigned for power amplification and for plate 


voltages up to 500 volts. 


The SUPERAUDIOFORMER is just one of 
the many PACEN Tcontributlions to Radio Pro- 
gress. Кому leading manufacturers recognize 

PACEN the excellence of Pacent Parts and are using them 
SUPERAUDIOFORMER as standard equipment on their sets. Let us 


J d EP 4 Б р . 
ы” ack. Dee р? send Y OU our new illustrated catalog. 


PACENT ELECTRIC COMPANY, INC. 
91 Seventh Avenue, New York City 


Buffalo 
Boston 
Detroit 4: cà OIL St. Louis 
Minneapolis 


Chicago | | 
Шұлық, RADIO ESSENTIALS ТШО: 


Canadian Licensed Manufacturers: White Radio, Limited, Hamilton, Ont. 
Manufacturing Licensees for Great Britain and Ireland: 
Гогапіс Electric Co., Ltd., London and Bedford, England 


+ DONT IMPROVISE = РАСЕМТ!2 Е” 


Washington 
Birmingham 
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Some of the 
railroads using || 


^ Brach Vacuum 


Lightning Arresters 
since 1906. 


A aan >... 
7" Readings 


у, Ines p 
i — 


Only Products of 
Merit Stand the 
Jest of Jime 


Engineers Ask No Better 
Evidence Of Merit Than 
The Fact That So Many 
Big Railways Protect Their 
Signal Systems With 


BRACH 


Vacuum 


LIGHTNING ARRESTERS 


—And what is satisfactory to 
the railway engineers is equally 
satisfactory to the radio 
engineer. 


What Arrester Are You 
Recommending 


Brach Radio Products Meet With Approval 
of the National Board of Fire Underwriters. 


L.S. BRACH MEG. CO., Newark, N.J. 


Members of the Institute of Radio Engineers Have Known Brach 
Products For Over 20 Years. 


BURGESS BATTERIES 


CONTRIBUTE TO 


A RADIO MIRACLE 


Photos sent from London to New York by Radio 


idge 


president Coo! 


ТГНАТ Burgess Radio Batteries were chosen for this inspiring 
achievement is a pleasing indication of the confidence placed in 
them by experienced radio engineers. 
"A A A 


The transmitter that sent photos 
by radio from London to New 
York. Batteries for energising 
the tubes are shown in the lower 
shelves of the cabinet. 


BURGESS BATTERY COMPANY 


Engineers DRY BATTERIES Manufacturers 
Flashlight - Radio . Ignition - Telephone 


General Sales Office: Harris Trust Building, Chicago 
Laboratories and Works: Madison, Wisconsin 


In Canada: Niagara Falls and Winnipeg 
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DUDLO 


Magnet Wire and Windings 


Approved by Leading Radio Manufacturers 
because of 


Consistent High Quality 
Dependable Workmanship 
Adherence to Specifications 


Our Capacity, the largest in the country for 
producing Fine Enameled Wire and Winding 


Audio Coils, insures the best delivery at all 
times. 


We will gladly help in your 
experimental and develop- 
ment work with our En- 
gineering and Sample 
Departments. 


Send us your specifications 
for prices and samples with 
no obligation on your part. 


——= 2 —— А 


Dudlo Manufacturing Corporation 
Fort Wayne, Indiana Newark, New Jersey 
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. ACCURACY 


The new JEWELL 
line of 2-inch in- 
struments is built 
with the same 
sturdiness and ac- 
curacy that has 
made JEWELL in- 
struments popular 


Pattern 35 


among radio men. 


€ Every radio engineer who has oc- 
casion to design radio sets should 
send for sample of our 135, 135-B, or 
140 instrument. 


Described in our Circular No. 776 


Jewell Electrical Instrument Co. 
1650 Walnut Street - - Chicago 


26 Years Making Good Instruments 


Always specify — 
"ESCO" Maximum miles per watt 
Power supplies for transmission. 


"ESCO" has developed a line of over 100 standard 2-bear- 
ing Motor-generators for plate or filament. These in- 
clude D.C., A.C., single phase and polyphase motors. 


"ESCO" two and three unit sets have become the ac- 
cepted standards for transmission. ‘The “ESCO” line 


consists of over 200 combinations. These are covered by 
Bulletin 237В. 


Our engineers are always willing to cooperate in the de- 
velopment of special sets. 


“ESCO” is the pioneer in designing, developing and producing Generators, 
Motor-Generators, Dynamotors and Rotary Converters for all Radio Purposes. 


| HOW САМ *ESCO" SERVE. YOU» 


b Е № ELECTRIC SPECIALTY COMPANY ж 
fen TRADE € FSCO” mark 


300 South St. 


Stamford, Conn. 
XVI 


NATIONAL 


ELVET ONDENSERS 
ERNIER & DIALS 


t vor rr 
ume. > г 
"Eum 


for 
Transmission and Reception 


a 


- Emin 
pep КШ, 


The illustration shows Lieut. F. H. Schnell's short wave Transmitter 
using National Type D. X. T. transmitting condensers. These con- 
densers are designed for continuous operation at 1500 volts—40 meters 


Write for Bulletin 106 I. К. 
MADE BY 


АНЕ NATIONAL (CO. Inc 


Engineers and Manufacturers 


CAMBRIDGE, MASS. 
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CROFESSIONAL ENGINEERING DIRECTORY 


Y Consultants in Radio and Allied Engineering Fields 


—— 


The J. G. White 
Facineering Corporation 


C =sgineers—Constructors 
к. of New York Radio Central 


Electrical Testing 
Laboratories 


Electrical, Photometrical, 
Chemical and Mechanical 
Laboratories 


RADIO DEPARTMENT 


80th Street and East End Ave. 
New York, N. Y. 


лхо паі. Steam Power and Gas 
Does Steam and Electric Rail- 
emis Transmission Systems. 


| 45 Exchange Place New York 


E. F. DUSKIS RADIO PATENTS СОКР. 


Now at Suite 707 А К ES 
Cable Address: RADIOPARTS Pus gp s uis о 
f | ions to manufacturers : 
326 W. Madison St., Chicago, mi. meritorious cases, in the further de- 
velopment of inventions. Our com- 


Consult me regarding highest grade 
radio apparatus for manufacturing У : PS 
purposes. Suaignt Line Frequency pensation derived only from sharing 


Condensers, Double Rheostats, Dou- in the selling price. 
tle Condensers, Cabinets, Transform- Incorporated 1917 
ers, Phones. Also complete line pop- 


ular price items for set manufacturers, 247 Park Avenue, New York City 


To Executives and Advertising Managers of 
Radio Manufacturing Companies 


For over ten years THE INSTITUTE OF RADIO ENGINEERS 
has been the leader in the development and promotion of the 
art of radio communication. During this period it has been 
instrumental in laying the foundation upon which your profit- 
able radio business of today is based and in putting radio 
among the big industries of the country. The PROCEEDINGS 
is the official journal of THE INSTITUTE, As the leading 
technical publication of the industry its circulation is steadily 
crowing and its en'arged editorial contents becoming more 
a) cabie with each issue. Therefore. representation іп its ad- 
.erusing pages gives to the advertiser increased prestige and an 
orportunity to present the merits of his products to а distinc- 
t.e radio membership. For further particulars, address 


Advertising Manager 
THE INSTITUTE OF RADIO ENGINEERS 
37 West 39th Street, New York 
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KURZ. KASCH 


ARISTOCRAT E-Z-TOON 
GROUP CONTROL 


Radio Engineers have always tried to develop the single dial con- 
trol. This latest Kurz-Kasch product is the answer to the problem. 


The Kurz-Kasch Aristocrat E-Z-Toon Group Control makes pos- 
sible the tuning of two or more units with but one Master Control. 
And in addition provides for Vernier adjustment of each unit. It 
eliminates the tuning of triple dials as found in the three Con- 
denser Receiver. 


Radio Manufacturers and thousands of set owners, appreciating 
Kurz-Kasch products, have purchased them іп ever-increasing 
quantities. The high quality and workmanship have earned for 
these products the position of leadership. They are the acknow- 
ledged best. 


Kurz-Kasch < [ў Products 
bear this А N) Trade mark 


Insist on the genuine 
Write for illustrated literature on complete Kurz-Kasch 
line, Dials, Knobs, Sockets, Potentiometers, Rheostats, etc. 


Manufactured by 
THE KURZ-—KASCH COMPANY 
Largest. Exclusive Moulders of Bakelite 


Factory & Main Office Dayton, Ohio 


ATA 


RADIO SUPREMACY 


16 Years 


of remarkable 
radio 
developments — 


Responsible 
for 


—the development of 
the continuous wave 
arc converter for use 
on shipboard— 


—the first successful 
commercial point-to- 
point radio telegraph 
system in the world— 


—the Kolster Radio 
Compass, the use of 
which permits the safe 
navigation of vessels 


This Kolster Radio Compass ts during f Oggv or thick 
an темне к t agn. safety of life т 
and property at seu. : W eather. 


And most recently— 


KOLSTER RADIO FOR THE HOME 


Engineers will be interested in the complete bulletins that are 
available upon request. 


FEDERAL TELEGRAPH COMPANY 


SAN FRANCISCO 


25 BEAVER STREET, NEW YORK CITY 
Japan-China Representatives: 
Sperry GyroscopeCo., Mitsui Building, Tokio 
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: i Instruments that Accelerate 
Successful Broadcasting 


LE" Hie ESTINGHOUSE Electric manufactures a 
i. 41 most complete line of radio instruments for 
both transmission and reception. These instruments 
are made of the highest quality materials and are 
assembled and tested by specialists in the science of 
designing and the art of building radio instruments. 


The most satisfactory results are obtained when 
Westinghouse instruments are used in connection 
with radio communication. Station KDKA is prov- 
ing this, day after day, by unexcelled radio com- 
munication to the most remote corners of the world. 


Ў Our nearest district office gladly will furnish detailed 
Y information on radio instruments for every and all 
N applications. 


QN Westinghouse Electric & Manufacturing арау 
M Newark Works Newárk, М. J. 
" AN se Sales Offices in All Principal Cities of 

X the United States and Forcign Countries 


д б 
AMPERES 2 


Х 85573А 
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Digitized by Google 


3 ADIO ENGINEERS 


We have a number of vacancies for men 
sess all the following qualifications: 


1. ¥ducation equivalent to that re- 
quired for the Е.Е degree. 


“т 


Uxperience of one year or more in 
commercial radio practice, ог in 
its stead, the M.S. or Ph.D. degree 
with specialization in research 
work along radio lines. 


34. United States citizenship. 


Qualified applicants are requested to re- 
«pond by letter only, giving details of 
education, experience, salary desired and 
ume of availability. Address 


RADIO CORPORATION 
OF AMERICA 


Technical and Test Department 


70 Van Cortlandt Park, South 
Bronx, N.Y. 


Attention of Mr. Julius Weinberger 
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JEFFERSON 


TRANSFORMERS 


с i EFFERSON Radio Trans- 
| formers supply, in a practical, 
commercial form, the high degree 
of efficiency heretofore obtainable 
almost exclusively in laboratory 
construction. 


They bring into the radio field the 
utmost transformer performance. 
They permit: 


Uniform Amplification 
without Distortion 


Greater Selectivity 


Unusual Range of Sound 
and Sensitiveness 


Jefferson Radio Transformers 
have been adopted by leading Ra- 
dio Set Manufacturers as standard 
equipment. They reflect the 
knowledge and experience gained 
in our twenty years of perfecting 
and producing electrical devices. 


Jefferson Transformers are sub- 
jected to exacting electrical and 
mechanical tests before leaving 
our hands. 


JEFFERSON ELECTRIC MFG. CO. 


301 NO, GREEN ST. CHICAGO, ILL. 


Makers cf Jefferson Radio, Bell Ringing and Toy 
Transformers; Jefferson Radio Tube Rejuvenat- 
crs and Tube Testers; Jefferson Spark Coils for 
Automobile, Stationary and Marine Engines; Jef- 
ferson Oil Burner Ignition Transtormers. 


NAPI 
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«HAMMARLUND, JR." 


The First Precision 


Midget Condenser 


Hammarlund- 
Roberts 
Unit 2 


HAMMARLUND believes that the 
mere smallness of a condenser 15 
no excuse for neglecting its design and 
workmanship. 

So “Hammarlund, Jr.” is produced 
with all the refinements of the larger 
Hammarlund models. 


As Unit 2, it is used to neutralize the 
Hammarlund-Roberts Receiver against 
unwanted oscillations. Diagrams of its 
many other uses will be sent upon 
request. 


* (4 ae 40% . we ә - % 
Ned 2251250 tot au. 264494 ТОС илт РЯ 


tbe Harm marcus КОТ Recover. 


HAMMARLUND MANUFACTURING СО. 
424-37 \ PES et New York City 


Jor Better Radio 


ammarlund 


PRECISION 


PRODUCTS 


Three forms of Bakelite 
in the Pacent Powerformer 


Because of its mechanical strength and high in- 
sulation value, Bakelite Laminated is used for 
the panels and insulating strips. 


Because of its electrical properties and its per- 
manently lustrous finish and color, Bakelite 
Molded is used for the jack nipples. 


Because it is transparent, but not brittle, red 
Bakelite clear material is used for the “ruby” 
that glows when the power is on. 


These various applications of Bakelite in the 
Pacent Powerformer are indicative of the part 
that Bakelite is playing in the development of 
fine radio sets, accessories and parts. Manufac- 
turers and designers will always find our en- 
gineers and research laboratories ready to render 
helpful cooperation. 


Write for Booklet 33 


BAKELITE CORPORATION 


247 Park Avenue, New York, N. Y. 
Chicago Office: 636 W. 22nd St. 


BAKELITE CORP. OF CANADA, LTD. 
163 Dufferin Street, Toronto, Ont. 


THE MATERIAL OF A THOUSAND USES 
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RADIO SUPREMACY 


This Kolster Radio Compass is 
ап intestinent ат safety of life 
and property at sea. 


And most recently — 


16 Years 


o f remarkable 
radio 
developments — 


Responsible 
for 


—the development of 
the continuous wave 
arc converter for use 
on shipboard— 


—the first successful 
commercial point-to- 
point radio telegraph 
system in the world— 


—the Kolster Radio 
Compass, the use o 
which permits the safe 
navigation of vessels 
during foggy or thick 
weather. 


KOLSTER RADIO FOR THE HOME 


Engineers will be interested in the complete bulletins that are 
available upon request. 


FEDERAL TELEGRAPH COMPANY 
SAN FRANCISCO 
25 BEAVER STREET, NEW YORK CITY 
Japan-China Representatives: 
Sperry Gyroscope Co., Mitsui Building, Tokio 


P The Pacent 
Superaudioformer 
No. 27 


Audio Frequency 
Transformers 


XTREMELY successful transformers developed by the Pacent 
Engineers, who are primarily specialists in Audio Frequency 
parts. Handsomely finished in dull bronze in two types. 


INPUT TYPE No. 27A, Ratio 9 
3 to 1, Primary Inductance 124 | 
henrys, designed for use between 

any vacuum tubes, and also with | 
power amplification requirements | 
in mind. Ji 
Shielded $7.50 Unshielded $6.00 $ 


Pacent Audio Choke 


A type of Superaudioformer developed for use in filter circuits of power 
amplifiers and battery eliminators. Unusually sturdy for long usage. 


CHOKE TYPE No. 29, Inductance 50 henrys (with. no superimposed 
D.C.), Inductance 32 henrys ‘with 60 m.a. superimposed D.C.). 


Shielded $6.50. Unshiclded $5.00. 


Inquire at your dealers or write 
us direct for further particulars 


PACENT ELECTRIC COMPANY, Inc. 
9' SEVENTH AVENUE NEW YORK CITY 
Canadian Licensed Manufacturer: 

White Radio Limited. Hamilton, Ont. 
Manufacturing Licensees for Great Britain and Ireland: 


Igranic Electric Co.. Ltd., London 
and Bedford, England 


Makers of 


Pacent Radio Essentiais 


OUTPUT TYPE No. 27B, Ratio 
1 to 1, Inductance 7 henrys. 


Shielded $7.50 Unshielded $6.00 
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“ESCO” motor-generators do get dx! 


Here is a sample of what the men | 
who use them think | 


„семан 7 COLEMAN & DAVIS ToS 
CONTRACTORS AND BUILDERS 
PHONES: 5133-8302-Ү 
211 NORTH BROADWAY 


LEXINGTON, KY.. 


viectelo specialty Core July 26, 1926 
: conn. 424... 
£tag^ocd, CO 


aer tienen: e 


gome time ago I purchased from you an FSCO motor-generater 
со volt 200 watt,2 unit machine mounted on one base,and am writing 


E ew lines (0 let you know how much I think of your Generators. 


yeu & 


ble 
: ttec, putting out 1100 volts,and will stand а considera 
Le ое а good while. Am using it in connection with а “ifty ee the 
eve ie every night for the past two months, during the hotest part o 
Coe cave been working three ог four Australians and New Zealanders. 


When it comes to dx ESCO eure is the berries. The informe tos 
+114» св that you gave me several months ago,wes highly acceptable,an 
er 


acute accounts for some of my good dx this summer, 
„© 


Му signale rave been heard and worked in every parton om 
vate dn the laut two monthe of summer and I credit 1% all to the сй 
SEN the KSCO generator puts out. Му filter system 18 what you өче ' 


а, 30 henry choke,and 6 mfd condensers. 


The generator not only gives its rated voltage,but goes 
Thanking you for past favors,I remain 


9EP. 


“ESCO” two and three unit sets have become the ac- 
cepted standards for transmission. The “ESCO” line 
consists of over 200 combinations. These are covered by 
Bulletin 237C. 


Our engineers are always willing to cooperate in the de- 
velopment of special sets. 


„ке eae а М А “ * . 8, 
SCO” is the pioneer in designing, developing and producing о 
Motor Generators, | Jynamotors and Rotary Converters for all Radio urpose»?. 


1) IIOW САМ *ESCO" SERVE YOU? 
P. ELECTRIC SPECIALTY COMPANY 
uid TRADE €€ ESCO?” MARK 


300 South St. Stamford, Conn. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO RADIO 
TELEGRAPHY AND TELEPHONY* 


Issued September 7, 1926— October 26, 1926 


By 
JOHN B. BRADY 
(Patent Lawyer, Ouray Building, Washington, D. C.) 


1,598,630—A. M. WENGEL, Madison, Wisconsin. Filed June 6, 1922, issued 
September 7, 1926. 


ELECTROTHERAPEUTIC APPARATUS for operation from the usual 
110-volt, 60-cycle current with an oscillatory circuit connected to a spark- 
gap system which is excited from a step-up transformer. 


1,598,663—J. S. STONE, San Diego, California. Filed November 31, 1920, 
issued September 7, 1926. Assigned to American Telephone and Tele- 
graph Company. 

MULTIPLEX RADIO TELEGRAPHY AND TELEPHONY, in which а 
plurality of pairs of balanced transmitting antennas and a plurality of 
pairs of balanced receiving antennas are provided, each transmitting pair 
being conjugate with each receiving pair. 


1,598,848—C. C. CHAPMAN, Palo Alto, California. Filed March 24, 1923, 
issued September 7, 1926. Assigned to Federal Telegraph Company. 
RADIO FREQUENCY ARC CONVERTER AND METHOD OF 
OPERATING SAME. Ап arc converter is illustrated having a gaseous 
atmosphere supplied to the arc chamber. The gaseous atmosphere con- 
tains hydro-carbon material and an auxiliary heater is provided for de- 
composing the hydro-carbon and altering the molecular structure of the 
material. 


1,599,453—H. A. AFFEL, Brooklyn, New York. Filed June 24, 1922, issued 
September 14, 1926. Assigned to American Telephone and Telegraph 
Company. 
ANTENNA STRUCTURE, for operation with a plurality of different 
wave lengths where a plurality of filters each having different frequency 
cut off points are connected between the terminating point of the antenna 
and an outer end thereof, the distance between each of the filters and the 
terminating point of the antenna being the optimum length of the an- 
tenna for the frequency at which the particular filter cuts off. 


1,599,471—R. Е. KENYON, San Francisco, California. Filed March 7, 
1925, issued September 14, 1926. 
RADIO RECEIVER, in which a crystal detector is mounted upon a 
vertical panel and a rock lever provided for permitting the searching of 
the surface of the crystal. 


1,599,586—E. S. PURINGTON, Cambridge, Massachusetts. Filed April 27, 
1922, issued September 14, 1926. Assigned to John Hays Hammond, Jr. 
RADIANT SIGNALING SYSTEM, whereby a semi-secret method of 
broadcasting is provided. Oscillations are produced of substantially 
constant amplitude and then the frequency wobbled and the signals 
transmitted by alternately impressing signaling current in the wobbled 
or unwobbled condition in the transmission circuit. 


*Received by the Editor November 22, 1926. 
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1,601,065—T. R. GRIFFITH, Dover, New Jersey. Filed October 5, 1920, 
issued September 28, 1926. Assigned to Western Electric Company. 
ELECTRON DISCHARGE DEVICE, in which the cathode is centrally 
positioned with respect to the cathode and grid and water-cooled by an 
eternal supply of water to the tube. 


1,601,066—J). E. HARRIS, Newark, New Jersey. Filed Dcember 8, 1922, 
issued September 28, 1926. Assigned to Western Electric Company. 
ELECTRIC DISCHARGE DEVICE, in which a cathode is provided, 
composed of barium and strontium oxides and an oxidized nickel chrom- 


ium alloy grid. 


1,601,070—J. W. HORTON, East Orange, New Jersey. Filed April 18, 1922, 
issued September 28, 1926. Assigned to Western Electric Company. 
WAVE METER, comprising resonant circuits for attenuating the current 
supplied thereto by different amounts and an indicator. Currents are 
supplied to the indicator in opposite direction and by controlling the 
resonant circuits the effective currents supplied to the indicator may be 
measured, which is proportional to the indication of wave length. 


1,601,071—J. W. HORTON, Bloomfield, New Jersey. Filed April 18, 1922, 
issued September 28, 1926. Assigned to Western Electric Company. 
OSCILLATION GENERATOR, in which tubes are coupled in feed- 
back relation and the entire oscillating output energy delivered through 
a path adapted to limit at a predetermined value the amplitude of the 
oscillator current. Oscillations of a selected frequency are produced by 
the current transversing this path and the potential of selected frequency 
may then be impressed upon the control element of one of the tubes of the 


system. 


1,601,075—А. W. KISPAUGH, East Orange. New Jersey. Filed April 10, 
1924, issued September 28, 1926. Assigned to Western Electric Company. 
SYSTEM OF SPACE DISCHARGE DEVICES, in which energy is sup- 
plied to the electrodes of the tubes in proper sequence and its applications 
controlled to prevent surges in the circuit of the system. 


1,601,109—E. Е. CHAFFEE, Belmont, Massachusetts. Filed March 31, 
1922, issued September 28, 1926. Assigned to John Hays Hammond, Jr. 
MULTI-FREQUENCY RESONANT NET WORK, in which oscilla- 
tions at different frequencies are impressed upon a net work which com- 
prises reversely arranged couplings for preventing current impulses of one 
of the frequencies from reacting upon the source of the impulses of the 
other of the frequencies with rneans operatively connected with the net 
work for impressing the energy upon the ether for transmission of signals. 


1,601,281 —K. J. G. AHLSTRAND, Stockholm, Sweden. Filed May 4, 1926, 
issued September 28, 1926. 
VARIABLE CONDENSER FOR TUNING ELECTRIC OSCILLAT- 
ING CIRCUITS, in which a hollow spindle is provided with an auxiliary 
shaft thereon for securing a fine variation in the capacity of the condenser 
independent of larger variation under action of the main plates. 


1,601,300—L. DIAMOND, Oakland, California. Filed July 27, 1925, issued 
September 28, 1926. 
HELICAL PLATE CONDENSER, wherein the special relation of the 
plates may be varied by axial movement of a condenser shaft. 


1,601,313-М. LATOUR, Paris, France. Filed August 19, 1921, issued 
September 28, 1926. Assigned to Latour Corporation. 
VACUUM TUBE RELAY, where a direct current generator is arranged 
to charge a battery, which in turn delivers energy to the circuits of an 
electron tube. 


B-ELIMINATOR 
TESTER 


Pattern 
No. 120 


Still Another— 


Jewell has again met a need of the radio industry— 


Jewell produced the first tube testers. 
Jewell gave radio the first high resistance 
voltmeter. 

Jewell furnished the first radio service set. 


NOW COMES THE FIRST B-ELIMINATOR 
TESTER. 


Pattern No. 120 has been developed for manufacturers’ 
and dealers’ use in adjusting B-EIl’minators to the set re- 
quirement with which they are to be used. 


q The tester consists essentially of a suitable milliammeter, 
connected in series with an adjustable load, and a volt- 
mcter so arranged that it showsthe voltage available at the 

B-Eliminator terminals under actual operating conditions. 


Jewell has an instrument for every radio use 


Write for Form No. 1030 which describes this new 


development. 
Jewell Electrical Instrument Co. 
1650 Walnut Street = = Chicago 


26 Years Making Good Instruments 
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PIEZO ELECTRIC 
QUARTZ CRYSTALS 


We are at your service to grind for you 
quartz crystals, ground to a guaranteed 
accuracy of BETTER than a tenth of 


one per cent of your specified. frequency. 


Crystals are so ground to produce their 
maximum vibrations, thereby making 
them suitable for use in power circuits, 
besides excellent for frequency standards. 


Crystals ground to any frequency be- 
tween 40 and 10,000 Kilo-cycles. We 
will be pleased to quote prices on your 
requirements. 


Attention!! Owners of 
Broadcasting Stations 


We will grind for you a crystal, ground 
accurate to BETTER than a tenth of 
one per cent of your assigned frequency 
for $50.00. Why not have the most up- 
to-date means of keeping your station 
on its assigned frequency? Prompt 
deliveries. 


Scientific Radio Service 


Box 86, Dept. R. Mount Rainier, Maryland 
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1,603,156—FRANK SEELAU, Detroit, Michigan. Filed October 23, 1924, 
issued October 12, 1926. 
VARIABLE CONDENSER, consisting of flexibly mounted plates mov- 
able within a casing with a rotatable device for varying the spacial relation 
between the plates and the casing. 


1,603,184—J. J. AURYNGER, Brooklyn, New York. Filed August 16, 1922, 
issued October 12, 1926. 
CONDENSER, in which the plates are provided with a pluralityTof 
perferations having equal electric density throughout with a distributed 
unit area of plate capacity. 


1,603,209—J. H. PAYNE, JR., Ballston Spa, New York. Filed September 
30, 1922, issued October 12, 1926. Assigned to General Electric Company. 
ELECTRICAL DISCHARGE DEVICE for high power operation 
consisting of a metallic casing with an electrode supported in the casing 
and a seal including a vitreous sleeve with a flexible member connecting 
the electrode and the seal. 


1,603,284—]. B. JOHNSON, Elmhurst, New York. Filed November 24, 
1924, issued October 19, 1926. Assigned to Western Electric Company. 
ELECTRIC DISCHARGE DEVICE, having a fluorescent screen com- 
prising a mixture of zinc salt and calcium tungstate. 


1,603,369--Т. WHEELER, Chicago, Illinois. Filed May 8, 1924, issued 
October 19, 1926. 
LOOP AERIAL AND THE LIKE, which may be folded into a small 
compact structure for portable use. The cross arms are each arranged 
to support the wires in spaced relation at the extremities thereof. 


1,603,468--BERLIN-FRIEDENAU, Germany. Filed October 19, 1922, 
issued October 19, 1926. Assigned to Siemens and Halske. 


METHOD OF IMPROVING THE INSULATION OF VACUUM 
TUBES, by providing an outwardly opening concavity whose walls 
consist of the same material as that which constitutes the tube. The 
outer opening of the cavity is closed by means of а non-hydroscopic 
insulator. 


1,603,494-Е. S. PRIDHAM and P. Г. JENSEN, of Oakland, California. 
Filed November 8, 1924, issued October 19, 1926. Assigned to The 
Magnavox Company. 
RADIO RECEIVING APPARATUS, in which a plurality of variometers 
are journaled on separate shafts and connected together by gearing for 
siinultaneous control from a central point. 


1,603,582—L. M. CLEMENT, Mountain Lake, New Jersey. Filed May 3, 
1921, issued October 19, 1926. Assigned to Western Electric Company. 


CARRIER WAVE TRANSMISSION SYSTEM, in which radio toll 
links are provided for connecting ordinary telephone and telegraph 
systems for two-way communication. The abrupt switching required in 
establishing radio toll connections introduces the problem of undesirable 
surges in the transmitter oscillator, and the invention is directed to 
circuits for avoiding these difficulties. 


1,603,640—WALTER C. REED, Dalton, Massachusetts. Filed May 20, 
1925, issued October 19, 1926. Assigned to Radio Products and Specialty 
Company. 

RADIO FIXED CONDENSER, where a central eyelet rivet is provided 
for holding a plurality of concentric plates under pressure. 
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1,603,939—W. DUBILIER, New York, М. Y. Filed January 21, 1921, 

issued October 19, 1926. Assigned to Dubilier Condenser and Radio 
Corporation. 
CONDENSER CONSTRUCTION for fixed electrical condensers wherein 
high insulation is afforded by the arrangement of a plurality of condenser 
sections into stacks which are separated from each other by dielectric 
sheets. 


1,604,129—A. MEISSNER, Berlin, Germany. Filed August 8, 1922, issued 
October 26, 1926. Assigned to Gesellschaft fur Drahtlose Telegraphie. 
TRANSMITTING ARRANGEMENT FOR RADIO TELEGRAPHY 
AND TELEPHONY, in which a plurality of separate paths are provided 
at different areas of the antenna. These areas are positioned at success- 
ively increasing distances from the apparatus and the paths have equal 
impedances. 


1 604,140—H. A. AFFEL, Maplewood, New Jersey. Filed September 19, 

1924, issued October 26, 1926. Assigned to American Telephone and 
Telegraph Company. 
MULTIFREQUENCY OSCILLATOR, having a closed path in which 
the oscillations flow with circuits for determining a primary frequency 
and tuned circuits for providing a plurality of changes in frequency as 
the energy flows over the path. The frequencies which result from such 
frequency changes are not related to the primary frequency as harmonics 
thereof where an antenna is provided with separate paths connecting the 
apparatus with different areas of the antenna. These areas are at success- 
ively increasing distances from the apparatus and the paths have equal 
impedances. 


1,604,171—C. B. KINLEY, Detroit, Michigan. Filed June 23, 1925, issued 
October 26, 1926. 
CONDENSER OPERATING DEVICE, in which a slidable rack is 
arranged to operate a plurality of pinions for reciprocating sets of con- 
denser plates with respect to other sets of condenser plates for controlling 
the tuning of a plurality of circuits. 


1,604,403—JOHN H. FLYNN, JR., Cincinnati, Ohio. Filed December 15, 
1924, issued October 26, 1926. 
RADIO APPARATUS, in which a crystal detector is provided having a 
reciprocatory contacting arm which may be adjusted in position to select 
a sensitive point on the crystal. 


1,604,508—ZISCH, G. J., West Orange, New Jersey. Filed March 25, 1925, 
issued October 26, 1926. 
VERNIER CONDENSER of the variable plate construction where the 
sets of plates consist of sectors having progerssively differing areas. 


1,604,533—RYAN, C. P., East Molesey, England. Filed February 26, 1924, 
issued October 26, 1926. Assigned to Vickers Limited. 
RADIO CONTROL APPARATUS, which is tuned to the tone frequency 
of the signals and selectively actuated by incoming signals for closing a 
local control circuit. 


D-71,138—FREDERICK DIETRICH, New York City, М. Y. Filed June 
28, 1926, issued September 28, 1926. Assigned to Brandes Laboratories, 
Incorporated. 

TABLE CONE DESIGN as manufactured by Brandes Products Corpora- 
tion comprising an acoustic chamber and cone with a parabolic sound 
reflecting chamber enclosing the cone. 
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PROVEN DEPENDABLE 


In millions of homes where Radio is Entertainment; in 
thousands of homes where Radio is a Hobby, and in 


thousands of laboratories where Radio isa serious matter | 
{ог Research—Cunningham Radio Tubes have proven s 
dependable. 


The familiar Orange and Blue Carton is famous the 
world over as representative of tube quality in герерров 
plus rugged endurance. 


Since 1915—Standard for All Sets ET 
Types C- & CX— қр | 


с мыл ҮТҮ 
Branch: CHICAGO ser EW YORK | 
Home Office: e e gue Тад 


182 Second Street, San Feo $ 
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f Digitized by ОЛ Су iQ. 


RADIO CÓNDENSERS 


Constant Capacity 

Extremely Low Losses 

Safety Gap Protection 

High Current Carrying Capacity 
Minimum Volume 
Moisture-Proof Construction 
Long Life 5 

Quick Deliveries 


These are some of the reasons why radio 


engineers specify FARADONS. 
There are over 200 standard FARADON con- 


densers on which immediate deliveries can be made. . 
Complete new catalog will be sent on request. 


Wireless Specialty Apparatus Company 
BOSTON, MASS. 
Established 1907 
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NEW and What You Have Been 
Waiting For! 


SOME TET Nd sitll D ua cas M, 5. РВЕ IT uL ad RT LL eti 


ROLLER-SMITH Types HTD and HTA 
Pocket portable, A. C. and D. C. Am- 
meters, Voltmeters, Volt-ammeters an 
Wattmeters. A wide variety of ranges. 


Send for new Bulletins Nos. К-! 10 and 
K-150. 


“Over thirty years’ experience is back of 
ROLLER-SMITH”’ 


| Electrical Measuring and Protective A tus | 
Bothiebem, P 


MAIN OFFICE: WORKS ей 
2134 Weelworth Bidg.. NEW YORK 


И OIN IRURE BTE Vu ULP 


Offices in principal cities in U. S. A. and Canada 
Representatives in Australia, Cuba and Japan 


VACUUM TUBE BRIDGE 


TYPE 361-A 


The Type 361-A Vacuum Tube Bridge 
provides a means for measuring 
quickly and accurately the dynamic 
and static characteristics of vacuum 
tubes. 


Direct reading to two decimal places 
in amplification constant and 10 ohms 
in plate resistance. 


Price $250.00 
Bulletin 414X on request 


GENERAL RADIO COMPANY 


30 State Street Cambridge, Mass. 
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AmerTran 
De Luxe 


ТЕ you require a specialized type of transformer—the American Trans- 

former Company can help you. If you want intelligent cooperation 
on any transformer problem, come to this Company. Whether it's audio 
transformers, power transformers or choke developments, we are capa- 
ble of filling your needs. It is this expert viewpoint that is so evident 
in our latest product—— The AmerTran DeLuxe. You will find this 
transformer strictly up to the engineer's standard in construction, ad- 
vanced design and performance. 


VOLTAGE AMPLIFICATION 
TRANSFORMER ONLY 


| FREQUENCY SCALED IN OCTAVES 


While the AmerTran De Luxe will improve any set, appreciation of its uniform 
amplifying qualities can best be realized when operated in conjunction with straight 
line frequency loudspeakers, such as the best cone and disc types, and with a tube 
in the last stage capable of handling the output. This De Luxe AmerTran shows а 
gain of three additional octaves below that previously obtained. 


It is made in two types, one for the first stage and one for the second. The chief 
difference between these two types is that the first stage transformer has about 50% 
greater primary inductance than the second, thus more nearly corresponding to the 
operating impedances of the tubes out of which they work. For this reason it 18 
advisable to purchase and operate these transformers by the Pair. Price, either type, 
$10.00 (Е.О. Newark). 


Sold at Authorized AmerTran Dealers 


AMERICAN TRANSFORMER COMPANY 
NEWARK, М. J. 


“Transformer builders for over twenty-five years" 
Write for booklet describing all AmerTran products and their uses 
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Гуо Great Receivers 


that cover the full range 
of radio broadcasting 


from 10 to 200 meters 


The Grebe СК- 18 is an excep- 
tional receiver for high radio 
frequency reception. It em- 
ploys a coupled regenerative 
circuit adapted for a fre- 
quency range of from 1500 to 
30,000 kilocycles (10 to 200 
meters) and is especially de- 
signed to meet all amateur 
requirements and radio fre- 
quency assignments of the U. 
S. Department of Commerce. 
There are seven outstanding 
features that make the 
CR-18 especially efficient. 
Write for charts 


and folder describ- 
ing these features. 


CR-18 


She 
(SE BE, 


from 150 to 550 meters 


The extreme efficiency of 
the Synchrophase is due to 
several exclusive Grebe de- 
velopments, especially the 
Binocular Coils which pro- 
vide exceptional selective 
sensitivity; Colortone which 
gives control over tone 
quality; S-L-F Condensers 
which make accurate tuning 
easy; and Low-W ave Exten- 
sion Circuits which give tun- 
ing range of from 550 down 
to 150 meters, covering over 
100 stations not reached by 
other sets. 


Write for Booklet I. 
Then ask your deal- 
er to demonstrate. 


SYNCHROPHASR 


А.Н. Grebe & Co., Inc.,109 УМ. 57th Sc, М.Х. 
Factory: Richmond Hill, N. Y. 


Western Branch: 
443 So. San Pedro St., Los Angeles, Cal. 


This Company owns and operates stations WAHG 
and W BOQ:; also rebroadcasting stations, Mobile 
WGMU and MarineWRMU and stations 2ZV, 2XE 
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AllGrebe appa- 
ratus is cover- 
ed by patents 
granted and 
pending. 
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The New WESTON 


Battery Eliminator V oltmeter 


em 


HE increasing, use of battery eliminators has created a need 
for a special type of Voltmeter to indicate the true value 
of the voltage delivered. The ordinary type of Voltmeter 
used with a battery eliminator will not give correct indica- 
tions because of the current such voltmeters require. 
Most battery eliminators cannot maintain their voltage 
when an appreciable amount of current is required. 
6 Weston, constantly alert to be of the utmost as- 
sistance in the development of the art of radio, 
again provides an instrument to meet this new 
condition. @ This new Voltmeter, known as the 
Weston Battery Eliminator Voltmeter, Ге- 
quires only one milliampere for full scale de- 
flection and has a self-contained resistance 
of 1,000 ohms per volt. It is made in double 
range combinations of 200 8 or 250, 50 
volts and the latter range can be sup- 
plied with an external multiplier to 
increase the range to 500 volts. 
€ This Battery Eliminator Volt- 
meter is handsomely enclosed in 
Bakelite and is supplied with 
a pair of 30° flexible cables. 


WESTON ELECTRICAL INSTRUMENT 
CORPORATION 
73 Weston Avenue, Newark, N. J. 


STANDARD THE WORLD OVER 


и WESTON 


Pioneers since 1888 
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үз ҮСТ will welcome 
the opportunity of cooperat- 
ing with set manufacturers 
to create speakers adapted 
to the particular needs of 
their receiving sets. Brandes 
are experts in radio acoustics. 
They have well-equipped 
laboratories manned 
by a large and 
efficient 
staff. 


Ф 


Brandes 


Experts in radio acoustics 
stnce 1908 
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lo ok, | 
inside 
that Christmas Radio Set 


HE equipment is as important as the set. 

The distance reach of a set depends a great 
deal on the tube in the detector socket. The 
over-all performance of a set depends very 
much on the tubes in every socket. The vol- 
ume and tone quality you will get are depend- 
ent upon the tube in the last audio stage. In 
every point, the tubes are as important as the 
set. And everyone who realizes this insists on 
genuine RCA Radiotrons. 


The research laboratories of RCA, General 
Electric and Westinghouse have developed Ra- 
diotrons to new accomplishment, year by year. 
And their manufacturing skill keeps RCA 
Radiotrons far in the lead in accurate making. 


RADIO CORPORATION OF AMERICA 
New York Chicago San Francisco 


RCA-Radiotrorn 


MADE RY THE MAKERS OF THE RADIOLA 
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RADION 
Serves 
Manufacturers 


Manufacturers of sets and parts have 
generally appreciated the desirability 
of RADION insulation and the great 
factory facilities of the organization 
that produces it. 

That is why somuch RADION is used 
as insulation for | 


Condensers Sockets 


Coils Tubes 
Jacks Panels 
Batteries Base Panels 


Head Phones Binding Post Strips 


Easy to machine, accurate when mould- 
ed, RADION simplifies the problems 
of production and assembly. From 
the tiniest bushing to the largest panel, 
RADION serves the radio industry 
efficiently and economically. 
Manufacturers are invited to consult 
us freely and ask for experimental and 

test samples of RADION-—‘‘The Su- 
preme Insulation." 


American Hard Rubber Co. 


11 Mercer Street New York 
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Problems | 


UBILIER condensers are used 

in practically every radio in- 
stallation of the United States Army 
and Navy. They are the condensers - 
that have been tried by time and 
found thoroughly dependable. 


Dubilier manufactures every type 
of condenser from the largest used 
in superpower transmitting stations 
to the smallest used in portable 
receiving sets. 


As new condenser problems arise, 
the Dubilier research laboratories 
2 will find new and efficient ways to 
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The Choice of the ‘Engineer! 


TUE ABOVE CHART, showing voltage amplification of the Pacent 
SUPERAUDIOFORMER №. 27—in 201-A Amplifier Circuit—repre- 
sents the average of a number of curves taken in several independent labora- 
tories (including the oldest and largest engineering laboratories in the world) 
and verified by Pacent engineers. The smooth, even progress of the curve 
graphically tells the story of its extraordinary uniformity of amplification and 
why those who have investigated it pronounce the SUPERAUDIOFORMER 
“the best transformer made." 

The SUPERAUDIOFORMER is a giant trans- 
former that—installed in any set—will result 
in an amazing improvement in the musical 
values in broadcast reception. Ratio 3 to 1— 
high enough for energy amplification of 500 to 
І per audio step— yet low enough so that high- 
er frequencies are not distorted. Practically 
uniform amplification through six octave cycles. 
Designed for power amplification and for plate 
voltages up to 500 volts. 


The SUPERAUDIOFORMER is jusl one of 
the many PACEN Tcontribulions to Radio Pro- 
gress. Forty leading manufacturers recognize 
PACENT the excellence of Pacent Parts and are using them 
SUPERAUDIOFORMER as standard equipment on their sets. Let us 


a 27 27. send YOU our new illustrated catalog. 


PACENT ELECTRIC COMPANY, INC. 
91 Seventh Avenue, New York City 


Washington Buffalo 
Birmingham Boston 
Detroit St. Louis 
Chicago Minneapolis 


wc. RADIO ESSENTIALS гоз 


Canadian Licensed Manufacturers: White Radio, Limited, Hamilton, Ont. 
Manufacturing Licensees for Great Britain and Ireland: 
Igranic Electric Co., Ltd., London and Bedford, England 


Е Е DONT IMPROVISE = PACENTIZE' 31.13 
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Engineers Ask No Better 
Evidence Of Merit Than 
The Fact That So Many 
Big Railways Protect Their 
Signal Systems With 


BRACH 
LIGHTNING ARRESTERS | 
| 


—Апа what is satisfactory to 
the railway engineers is equally | 
satisfactory to the radio | 

engineer. | 


What Arrester Are You 
Recommending 


Вос 
Island 


Only Products of 
Merit Stand the 
Jest of Jime 


P SS — E E E SS | 
А | 
| Brach Radio Products Meet With Approval | 
| of the National Board of Fire Underwriters. | 
| 


| L.S. BRACH МЕС. CO., Newark, N.J. 


| Members of the Institute of Radio Engineers Have Known Brach 
| Products For Over 20 Years. 


BURGESS BATTERIES 


CONTRIBUTE TO 


A RADIO MIRACLE 
Photos sent from London to New York by Radio 


ИНН, + 


ПУ 


idge H R H h а 
The I гіпсе of Wale 


| president C? 
ААА 
HAT Burgess Radio Batteries were chosen for this inspiring 
ment is a pleasing indication of the confidence placed in 


achieve 
them by experienced radio engineers. 


The transmitter that sent photos 
by radio from London to New 
York. Batteries for energising 
the tubes are shown in the lower 
shelves of the cabinet. 


Ху 7% 


BURGESS BATTERY COMPANY 


DRY BATTERIES Manufacturers 
Telephone 


Engineers Ж 
Flashlight . Radio А Ignition - 
General Sales Office: Harris Trust Building, Chicago 
Works: Madison, Wisconsin 


Laboratories and 
ее 
In Canada: Niagara Falls and Winnipeg 
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DUDLO 


Magnet Wire and Windings 


Approved by Leading Radio Manufacturers 
because of 


Consistent High Quality 
Dependable Workmanship 
Adherence to Specifications 


Our Capacity, the largest in the country for 
producing Fine Enameled Wire and Winding 
Audio Coils, insures the best delivery at all 
times. 
We will gladly help in your 
experimental and develop- 
ment work with our En- 
gineering and Sample 
Departments. 


Send us your specifications 
for prices and samples with 
. no obligation on your part. 


е 


Dudlo Manufacturing Corporation 
Fort Wayne, Indiana Newark, New Jersey 


ACCURACY 


The new JEWELL 
line of 2-inch in- 
struments is built 
with the same 
sturdiness and ac- 
curacy that has 
made JEWELL in- 
struments popular 
among radio men. 


Pattern 35 


@ Every radio engineer who has oc- 
casion to design radio sets should 
send for sample of our 135, 135-B, or 
140 instrument. 


Described in our Circular No. 776 


Jewell Electrical Instrument Co. 
1650 Walnut Street - - Chicago 
26 Years Making Good Instruments 


NV 


Alwass Speajv — | 
“ESCO” Maximum miles Per watt | 
Power supplies fer transmission. 

| 


hree unit sets have become the ac- 

cepted standards for transmission. «The "ESCO" line 

consists of over 200 combinations. These are covered by 
7B. 


Our engineers are always willing to Cooperate in the de- 
velopment of special sets. 


"ESCO" is the Pioneer in designing, eloping and producing Generators, 
Motor-Generators, Dynamotors and Rotary Converters for all Radio Purposes. 


HOW CAN “ESCO” SERVE YOU)» 
qx ELECTRIC SPECIALTY COMPANY | 
TRADE “ESCO” MARK 


300 South St. Stamford, Conn. 
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NATIONAL 


ELVET ONDENSERS 
ERNIER © DIALS 


for 


The illustration shows Lieut. F. H. Schnell's short wave Transmitter 
using National Type D. X.T. transmitting condensers. These con- 
densers are designed for continuous operation at 1500 volts—40 meters 


Write for Bulletin 106 I. R. 
MADE BY 


THE NATIONAL СО., Inc. 


Engineers and Manufacturers 


CAMBRIDGE, MASS. 


XVII 


PROFESSIONAL ENGINEERING DIRECTORY 
For Consultants in Radio and Allied Engineering Fields 


The J. G. White Electrical Testing 


Engineering Corporation Laboratories 


Engineers—Constructors Electrical, Photometrical, 
Buildere of New York Radio Central Chemical and Mechanical 


Industrial, Steam Power and Gas Laboratories 


Plants, Sicam and Electric Ral | || RADIO DEPARTMENT 
ROSCA: елеп лот зуна: 80th Street and East End Ave. 
43 Exchange Place New York _ . New York, М. Y. 


RADIO PATENTS CORP. 


Aids inventors to sell their inven- 
tions to manufacturers and, in 
meritorious cases, in the further de- 
velopment of inventions. Ourcom- 
pensation derived only from sharing 
in the selling price. 

Incorporated 1917 


247 Park Avenue, New York City 


E. F. DUSKIS 


Now at Suite 707 
Cable Address: RADIOPARTS 


326 W. Madison St., Chicago, Ill. 


Consult me regarding highest grade 
radio apparatus for manufacturing 
purposes. Stiruignt Line Frequency 
Condensers, Double Rheostats, Dou- 
ble Condensers, Cabinets, Transform- 
ers, Phones. Also complete line pop- 
ular price items for set manufacturers. 


To Executives and Advertising Managers of 
Radio Manufacturing Companies 


For over ten years THE INsTITUTE OF RADIO ENGINEERS 
has been the leader in the development and promotion of the 
art of radio communication. During this period it has been 
instrumental in laying the foundation upon which your profit- 
able radio business of today is based and in putting radio 
among the big industries of the country. The PROCEEDINGS 
is the official journal of THE INSTITUTE. As the leading 
technical publication of the industry its circulation is steadily 
growing and its enlarged editorial contents becoming more 
valuable with each issue. Therefore, representation in its ad- 
vertising pages gives to the advertiser increased prestige and an 
opportunity to present the merits of his products to a distinc- 
tive radio membership. For further particulars, address 


Advertising Manager 
THE INSTITUTE OF RADIO ENGINEERS 
37 West 39th Street, New York 
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KURZKASCH 


 ARISTOCRAT E-ZTOON 
GROUP CONTROL 


Radio Engineers have always tried to develop the single dial con- 
trol. This latest Kurz-Kasch product is the answer to the problem. 


The Kurz-Kasch Aristocrat E-Z-Toon Group Control makes pos- 
sible the tuning of two or more units with but one Master Control. 
And in addition provides for Vernier adjustment of each unit. It 
eliminates the tuning of triple dials—as found in the three Con- 
denser Receiver. 


Radio Manufacturers and thousands of set owners, appreciating 
Kurz-Kasch products, have purchased them in ever-increasing 
quantities. The high quality and workmanship have earned for 
these products the position of leadership. They are the acknow- 
ledged best. 


Kurz-Kasch NU Products 
bear this () Q Trade mark 
AC the genuine 


Insist on 
Write for illustrated literature on complete Kurz-Kasch 
line, Dials, Knobs, Sockets, Potentiometers, Rheostats, etc. 


Manufactured by 
THE KURZ —KASCH COMPANY 
Largest. Exclusive Moulders of Bakelite 
Factory & Main Office Dayton, Ohio 
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RADIO SUPREMACY 
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-And most recently — 


KOLSTER RADIO FOR THE HOME 


Linyincers will be interested in the complete bulletins that are 
available upon request. 


FEDERAL TELEGRAPH COMPANY 


SAN FRANCISCO 


26 BEAVER STREET, NEW YORK CITY 
Japan-Chína Representatives: 
Sperry GyroscopeCo., Mitsui Building, Tokio 


Instruments that Accelerat 
Successful Broadcasting 


eee Biectric manufactures а 
mot complete Eme of medo Strom ier 


hoch tgESCIISSSOE ыты: гесттессс. These пәт-шпгсісг 
аге munde of the highest quality znatenuai ant act 


gesemibied and tested by specialists gm the эситсесе 
Sesigning amd the art of bulding табо SST 


The most satisfactory reaks are obtauned whem 
Westmghcese шшз<гошшесОлъ аге wed im Cotes 
зі radio communication. Station KDEA в pror- 
img this, day after day, by unexcelied raSo + 
тозса to the most remote corners of the works 


Ост nearest district office gladly will furnish detasies 
information om radio instruments for every and al 
appbcatoms. 
Westinghouse Electric & Manofactering Co Y 
Newark Works Meist, М}. 


Saes OSSces із АЙ Principal Cites of 
the United States and Россо Countrees 


Digitized by Googl 
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RADIO ENGINEERS 


и 


We have a number of vacancies for men 
possessing all the following qualifications: 


1. Education equivalent to that re- 
quired for the E.E degree. 


2. Experience of one year or more in 
commercial radio practice, or in 
its stead, the M.S. or Ph.D. degree 
with specialization in research 
work along radio lines. 


3. United States citizenship. 


Qualified applicants are requested to re- 
spond by letter only, giving details of 
education, experience, salary desired and 
time of availability. Address 


RADIO CORPORATION 
OF AMERICA 


Technical and Test Department 


70 Van Cortlandt Park, South 
Bronx, N.Y. 


Attention of Mr. Julius Weinberger 
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JEFFERSON 
TRANSFORMERS 


EC 4 EFFERSON Radio Trans- 

l formers supply, in a practical, 
commercial form, the high degree 
of efficiency heretofore obtainable 
almost exclusively in laboratory 
construction. 


They bring into the radio field the 
utmost transformer performance. 
They permit: 


Uniform Amplification 
without Distortion 


Greater Selectivity 


Unusual Range of Sound 
and Sensitiveness 


Jefferson Radio Transformers 
have been adopted by leading Ra- 
dio Set Manufacturers as standard 
eguipment. They reflect the 
knowledge and experience gained 
in our twenty years of perfecting 
and producing electrical devices. 


Jefferson Transformers are sub- 
jected to exacting electrical and 
mechanical tests before leaving 
our hands. 


JEFFERSON ELECTRIC MFG. CO. 
501 SO. GREEN ST. CHICAGO, ILL. 


Makers of Jefferson Radio, Bell Ringing and Toy 
Transformers; Jefferson Radio Tube Rejuvenat- 
ors and Tube Testers; Jefferson Spark Coils for 
Automobile, Stationary and Marine Engines; Jef- 
ferson Oil Burner Ignition Transformers. 
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The First Precisson 


Midget Condenser 
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Мо excuse for negierting ins design anc 
eofrktnatistiup. 


Р “Wemmarlund., Jt.” is produced 
wih all the rehnements of the izrper 
Wasumnerlund models, 


Жа Гн 2, М is used ty neutralize the 
Назипа oberts Receiver against 
unwanted ose lations. Diagrams of iti 
папу other uses will be sent 2pon 
fen] Wes, 


Send 41 ierd. fin bet BOE 0500 рр trees gg. 
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PRECISION 


PRODUCTS 
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THE MATERIAL ОЕ 


Three forms of Bakelite 
in the Pacent Powerformer 


Because of its mechanical strength and high in- 
sulation value, Bakelite Laminated is used for 
the panels and insulating strips. 


Because of its electrical properties and its per- 
manently lustrous finish and color, Bakelite 
Molded is used for the jack nipples. 


Because it is transparent, but not brittle, red 
Bakelite clear material is used for the "ruby" 
that glows when the power is on. 


These various applications of Bakelite in the 
Pacent Powerformer are indicative of the part 
that Bakelite is playing in the development of 
fine radio sets, accessories and parts. Manufac- 
turers and designers will always find our en- 
gineers and research laboratories ready to render 
helpful cooperation. 


Write for Booklet 33 


BAKELITE CORPORATION 


247 Park Avenue, New York, N. Y. 
Chicago Office: 636 W. 22nd St. 


BAKELITE CORP. OF CANADA, LTD. 
163 Dufferin Street, Toronto, Ont. 
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OO A THOUSAND USES 
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72110 SUPREMACY 


‚ This Kolster Radio Compass is 
an investment in safety of life 
and property at sea. 


And most recently — 


16 Years 


of remarkable 
radio 
developments — 


Responsible 
for 


—the development of 
the continuous wave 
arc converter for use 
on shipboard— 


—the first successful 
commercial point.to- 
point radio telegraph 
system in the world— 


—the Kolster Radio 
Compass, the use of 
which permits the safe 
navigation of vessels 
during foggy or thick 
weather. 


KOLSTER RADIO FOR THE HOME 


Engineers will be interested in the complete bulletins that are 
available upon request. 


FEDERAL TELEGRAPH COMPANY 
SAN FRANCISCO 
25 BEAVER STREET, NEW YORK CITY 
Japan-China Representatives: 
Sperry Gyroscope Co., Mitsui Building, Tokio 


. The Pacent 
Superaudioformer 
No. 27 


Audio Frequency 
Transformers 


TREMELY successful transformers developed by the Pacent 
Engineers, who are primarily specialists in Audio Frequency 
parts. Handsomely finished in dull bronze in two types. 


INPUT TYPE Мо. 27А, Ratio 
3 to 1, Primary Inductance 124 


henrys, designed for use between OUTPUT TYPE No. 27B, Ratio 
any vacuum tubes, and also with 1 to 1, Inductance 7 henrys. 
power amplification requirements Shielded $7.50 Unshielded $6.00 
in mind. Hi 


Shielded $7.50 Unshielded $6.00 % 
Pacent Audio Choke 


A type of Superaudioformer developed for use in filter circuits of power 
amplifiers and battery eliminators. Unusually sturdy for long usage. 


CHOKE TYPE No. 29, Inductance 50 henrys (with no superimposed 
D.C.), Inductance 32 henrys (with 60 m.a. superimposed D.C.). 


Shielded $6.50. Unshielded $5.00. 


Inquire at your dealers or write 
us direct for further particulars 


PACENT ELECTRIC COMPANY, Inc. 
9! SEVENTH AVENUE NEW YORK CITY 


Canadian Licensed Manufacturer: 
, White Radio Limited, Hamilton, Ont. 
Manufacturing Licensees for Great Britain and Ireland: 


Igranic Electric Co., Ltd., London 
and Bedford, England 


Makers of 


Pacent Radio Essentiais 
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Pyrex Insulators— 


triumph at the North Pole 


ITHOUT exception on ex- 

peditions where life and death 
depend on radio communication, 
Pyrex Insulators have always been 
used. Commander Byrd selected 
Pyrex Insulators for the radio 
equipment on the ship “Chantier” 
and for the plane which he flew to 
the Pole. 


The message from the com- 
mander from Spitzbergen, an- 
nouncing his successful flight, came 
on equipment which used Pyrex 
Insulators. 


*Pyrex Insulators are always 
selected on such expeditions be- 
cause of their dependability in 
conserving radio energy. 


CORNING GLASS WORKS 


Industrial and Equipment Division 
Corning - - - New York 


*T. M. Reg. U. S. Pat. Off. 
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PROFESSIONAL ENGINEERING DIRECTORY 
For Consultants in Radio and Allied Engineering Fields 


The J. G. White 


Engineering Corporation 
Engineers—Constructors 
Builders of New York Radio Central 


Industrial, Steam Power and Gas 
Plants, Steam and Electric Rail- 
roads, Transmission Systems. 


43 Exchange Place New York 


DUSKIS SALES 
COMPANY 


Sales Entrepreneurs 
Cable Address: RADIOPARTS 
326 W. Madison St. Chicago, Ш. 


Radio Engineers should consult us 
immediately regarding parts for set 
manufacturing, for popular and high- 
priced radio sets. 

One of our factors builds radio Chassis 
(wired set minus cabinet) to order. 

Do you get our bulletins? 


AN OPPORTUNITY 


Your card on this page will be 
seen by more than 4,500 en- 
gineers, executives and other 
readers with important radio 
interests. 

Rate: Per Year (12 issues) $90.00 


with the January issue. 


Announcements te Executives and Advertising Managers 
The “Proceedings” becomes a monthly publication beginning 
This means that its value as an ad- 
vertising medium will be greater than ever before for the adver- 
tiser who wishes to maintain the merits of a dependable pro- 
duct before a distinctive radio membership. 


For further particulars address: 
Advertising Manag 


THE INSTITUTE OF RADIO ‘ENGINEERS 


37 West 39th Street, New York 


Electrical Testing 
Laboratories 


Electrical, Photometrical, 
Chemical and Mechanical 
Laboratories 


RADIO DEPARTMENT 


80th Street and East End Ave. 
New York, N. Y. 


WILLIAM W. HARPER 

Consulting Engineer 
CHICAGO 

Research and design problems 

relative to improvements and 

cost reductions — production 

testing systems — development 

special research equipment — 
- radio engineering service. 


161 EAST ERIE STREET 
Telephone Superior 7614 


BROADCAST MOTOR GENER- 
ATORS FOR SALE 
1 Crocker-Wheeler Motor Genera- 
tor Outfit, Motor 235 Volts D.C., 
1000 R.P.M., 5 H. P., Generator 
Supplying 1200 Volts D. C., 2.5 Am- 
peres, 1000 R.P.M., 1- 1/2 K. W. 
І Crocker-Wheeler Motor селе, Out- 
fit, ER н мар С.. ng 30 Val М 
enerator >u olts 
C. So Кашы 1100 PPM № -1/2 K.W. 
Address, PAUL 3. LARSEN, 70 Van 
Cortlandt Park South, New York City. 


т ett 


E - - ! 4 н | ; 
"n T уч. 5 ~ = 
[| 11 aie - . (xn чења с ГЕ, IR 7, i 
“ А ууа Log FESR rhe 49 2 аа 
T m yw wt ee Pomel! Tell E 
| s. - ыны 
| 4... "a ere a чем, 


нь Ш’ > 


— T ,, E 
I 


чь 
LT “““ st 
LIT А - 
ЫЯ "1 н a TH ut pee’ n 


The Logical Source of Supply 
For Magnet Wire and Coils 


The plain facts are that Dudlo resources, products, and 
service make Dudlo the logical source of supply 


First: Volume. Volume reflects the ability Fourth: Location. Fort Wayne is centrally 


to supply quantity on short notice. located on trunk line railroads. 
It also reflects organization, facili- With private side tracks directly | 
ties, financial strength and popu- connecting, unsurpassed shipping t 
larity of product. facilities are made possible. 
Fifth: Branch Offices. Branch offices and 
Second: Experience. The combined experi- warehouses at Newark, Chicago, 
ence of Dudlo magnet wire and St. Louis, San Francisco and other 
coil experts affords resources that points, are prepared to efficiently 
are not duplicated. serve those nearer to them than to 


the Fort Wayne factory. 
Third: Engineering Facilities. Тһе Dudlo Sixth: Service. First, last, and always, 


engineering staff and experimental the whole Dudlo organization 1s 
laboratories offer buyers an expert geared to and revolves around a 
free service. They function as if service that leaves no loophole for 
they were a part of the buyer's other than complete and uninter- 
own organization. rupted satisfaction. 


DUDLO 


DUDLO MANUF ACTURING CORPORATION, FORT WAYNE, INDIANA 


Eastern Office and Warehouse Ch o Office 4153 Bingham Ave. Western Office: 274 Brannan St. 
412 Chamber of Commerce Bldg. 160 Noon ch La Salle St. ST.LOUIS, МО. SAN FRANCISCO, CALIFORNIA 
NEWARK, N. J. CHICAGO, ILL. 
XV 


B-ELIMINATOR 
TESTER 


Pattern 
№. 129 


Still Another—— 


Jewell has again met a need of the radio industry — 
Jewell produced the first tube testers. 
Jewell gave radio the first high resistance 
voltmeter. 
Jewell furnished the first radio service set. 
NOW COMES THE FIRST B-ELIMINATOR 
TESTER. 


Pattern No. 120 has been developed for manufacturers. 
and dealers use in adjustirg В-Е! пт nators to the set re- 
quement with «which they аге to be used. 


The tester consists essentially of a su table milliammeter, 
connected in series with an adjustable load. and a volt- 


Jewell has an instrument for every radio use 
Write for Form No. 1038 which describes this new 
development . 


Jewell Electrical Instrument Co. 
1650 Walnut Street - - Chicago 
26 Years Making Good Instruments 
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PIEZO ELECTRIC 
QUARTZ CRYSTALS 


We are at your service to grind for you 
quartz crystals, ground to a guaranteed 
accuracy of BETTER than a tenth of 
one per cent of your specified. frequency. 


Crystals are so ground to produce their 
maximum vibrations, thereby making 
them suitable for use in power circuits, 
besides excellent for frequency standards. 


Crystals ground to any frequency be- 
tween 40 and 10,000 Kilo-cycles. We 
will be pleased to quote prices on your 
requirements. 


Attention!! Owners of 
Broadcasting Stations 


We will grind for you a crystal, ground 
accurate to BETTER than a tenth of 
one per cent of your assigned frequency 
for $50.00. Why not have the most up- 
to-date means of keeping your station 
on its assigned frequency? Prompt 
deliveries. 


Scientific Radio Service 


Box 86, Dept. R. Mount Rainier, Maryland 
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Like the fabled ship in which Jason 
brought home the enchanted fleece of gold, 
the Eveready Hour brings a rich treasure 
of entertainment to charm the harbor- 
homes of its hearers. 


Inaugurated two years ago, the Ever- 
eady Hour was an adventure in broadcast- 
ing—an hour of connected entertainment, 
uninterrupted by the frequent injection of 
the name of the broadcaster. 


Many of these programs have become 
famous, ‘Thousands of letters voice the 
appreciation of our audience and ask for 
repetition of favorites, We make no re- 
quests for these letters, but they mean 
much to our artists and to us, and are of 
great value in helping us in our efforts to 
arrange programs of a distinctive nature 
and pleasing to the vast audience. 


Radio has. already become a highly 
specialized art worthy of the most scrupu- 
lous code of ethics, and the Eveready 
"Hour represents a sincere effort to pioneer 
in providing the most acceptable form of 
radio entertainment. 


Eveready programs cover a wide range 
of entertainment and human interest, 
transporting us to periods of wholesome 
Simplicity; to barren islands where ma- 


The Eveready Hour 


ril 


—— 


rooned sailors meet adventure, starvation 
and death: to battle-scarred France with 
singing doughboys; to emotional heights 
by telling with music the stories of the 
seasons; and to memories of yesteryear 


aroused by old ballad and musical comedy 
favorites. 


Eveready Hour begins at 9 p. m. each 
Tuesday night, Eastern Standard Time. 


NATIONAL CARBON COMPANY, Inc. 
New York San Francisco 


Canadian National Carbon Co., Limited 
Toronto, Ontarlo 


Tuesday ‘night means. Eveready Hour— 
9 p. m., Eastern Standard Time, through 
the following stations: 
WEAF-New York wsal—Cincinnatt 
wJAn-Providence АЕ == iis 
wxEkr-Boston - Minneapo 
WwTAG-Worcester woco | St. Раш 
wFi—Philadelphia woc—Davenport 
wor—Bufftlo wEAR-Cleteland 
WOAE—Pitts burgh wan-Chicago 
Ksp—St. Louis 
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| | Since 1915— Standard for All Sets 


“2 200% Cunningham 
Radio Tubes | 
are astoundingly good all i: 
the year 'round and at Christmas 
time you will receive even a greater. | 
appreciation of their quality perfor- 
mance because of the attractive Yule- 
tide programs. These radio programs 
. come in clear and full-toned when 
. your receiving set 13 Cunningham 
equipped. С. Every broadcast station 
splurges a bit at Christmas time and 
gives you something extra good C. Entertainers 
‚ are stimulated to do their best by the knowledge 
that thousands of new sets are tuned in and that- 
their already large and enthusiastic audience has 
swelied to even larger proportions during this Christ- | 
mas and holiday time. Q. Radio sets and radio equip- | 
ment in general make immensely popular Christmas 
gifts. Why not increase soríeone's pleasure a thousand. 

. fold by the gift of a radio set this Christmas? @ you want 
to. make this lucky person's happiness complete, you will make 
Sure that the set has a Cunningham Radio Tube їп every socket. 
‚ €. To bring increased happiness to someone who now owns a receiver, 
give him a set of Cunningham. Radio Tubes, known since 1915 
as standafd for all sets. 
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NEW YORK 
CHICAGO 
SAN PRAN. 
CISCO 
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ELECTROSTATIC CONDENSERS 
FOR ALL PURPOSES 
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There are over 200 standard “FARADON” conden- 
sers on which immediate deliveries can be made. 
Complete new catalog sent on request. 


Those interested in Carrier Current Coupling Con- 
densers should ask for copy of Bulletin 101. 


The engineering staff of the Wireless Spectalty 
Apparatus Company urli co-operate fully with 
those having special equipment under considera- 
tion. Estimating data, quotations or any other 
information furnished promptly on request. 


Wireless Specialty Apparatus Company 
JAMAICA PLAIN, BOSTON, MASS. 
Established 1907 


Pep des dc dedi [iih [hu 


MI ШЕ НІНІ! an oder mp be pio LRT Sea REA Л н TN NE т Т ENG 


Waiting For! 


ROLLER-SMITH Types HTD and HTA 
Pocket portable, A. C. and D. C. Am- 
meters, Voltmeters, Volt-ammeters and 
Wattmeters. A wide variety of ranges. 


Send for new Bulletins Nos. K-110 and 
K-150. 


* Over thirty years' experience is back of 
ROLLER-SMITH" 
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MAIN OFFICE: 
2134 Weelwerth Bldg., NEW YORK 


Offices in principal cities in U. S. A. and Canada 
Representatives in Auetralia, Cuba and Japan 


1 NEW and What You Have Been 


VACUUM TUBE BRIDGE 


TYPE 361-A 


The Type 361-A Vacuum Tube Bridge 
provides a means for measuring 
quickly and accurately the dynamic 
and static characteristics of vacuum 
tubes. 


Direct reading to two decimal places 
in amplification constant and 10 ohms 
in plate resistance. 


Price $250.00 
Bulletin 414X on request 


GENERAL RADIO COMPANY 


30 State Street Cambridge, Mass. 


Quality Products 


for 


Quality Construction 


AmerTran DeLuse 
Ist and and Stage $10.00 each 


AmerTran Power Transformer 
Type PF-52 $18.00 each 


AmerChoke Type 854 
$6.00 each 


HETHER it's audio 

transformers, power 
transformers, choke or re- 
sistor developments, the 
American Transformer 
Company is capable of fill- 
ing your needs. With these 
products strictly up to the 
engineer's standard, your 
set in construction and per- 
formance can be made the 
most advanced in radio. 


А popular example of our 
high quality apparatus is the 
AmerTran DeLuxe. Its re- 
alistic amplification carries 
to the fundamental tones of 
the lower register. The use 
of AmerTran DeLuxes in 
both stages is recommended 
for your transformer 
coupled amplifier. 


For economical and effi- 
cient power supply the 
AmerTran Power Transfor- 
mer and the AmerChoke are 
ideally constructed. The 
Power Transformer also has 
flament supply windings 
for the power tube, and sup- 
plies sufficient plate cur- 
rent, after rectification, for 
the operation of the set. 


We shall be very glad to send you 
on request a copy of our book, 
"Improving the Audio Amplifier, 
together with other interesting 
constructional data. 


Other AmerTran Product | 
AmerToon Rerluien rue a AMERICAN TRANSFORMER CO. 


$7.50 each 
AmerTran Heater Transformer 
Type H-28 (for A. C. tubes) 
$10.00 each 


NEWARK, N. J. 


* Transformer builders for over 


twenty-six years." 


AllGrebe appa- 
ratus is cover- 


granted and 


UR OD 


Two Great Receivers 


that cover the full range 
of radio broadcasting 


from 10 to 200 meters 


The Grebe СК- 18 is an excep- 
tional receiver for high radio 
frequency reception. It em- 
ploys a coupled regenerative 
circuit adapted for a fre- 
quency range of from 1500 to 
30,000 kilocycles (10 to 200 
meters) and is especially de- 
signed to meet all amateur 
requirements and radio fre- 
quency assignments of the U. 
S. Department of Commerce. 
There are seven outstanding 
features that make the 
CR-18 especially efficient. 


Write for charts 


ее Features. She 
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CR-18 


NV А.Н. Grebe & Co., Inc.,109 W. 57th St., N. Y. 
Factory: Richmond Hill, N. Y. 


гал -tha 


Western Branch: 
443 So. San Pedro St., Los Angeles, Cal. 


ed by patents This Company owns and operates stations WAHG 
and WBOQ; also rebroadcasting stations, Mobile 


from 150 to 550 meters 


The extreme efficiency of 
the Synchrophase is due to 
several exclusive Grebe de- 
velopments, especially the 
Binocular Coils which pro- 
vide exceptional selective 
sensitivity; Colortone which 
gives control over tone 
quality; S-L-F Condensers 
which make accurate tuning 
easy; and Low-Wave Exten- 
sion Circuits which give tun- 
ing range of from 550 down 
to 150 meters, covering over 
100 stations not reached by 
other sets.. 

Write for Booklet I. 


Then ask your deal- 
er to demonstrate. 


RADE MARK REG. US. PAT. OFF. 


pending. WGMU and MarineWRMU and stations 2ZV, 2XE 
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The New WESTON 


Battery Eliminator Voltmeter 
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i oss increasing use of battery eliminators has created a need 
for a special type of Voltmeter to indicate the true value 
of the voltage delivered. The ordinary type of Voltmeter 
used with a battery eliminator will not give correct indica- 
tions because of the current such voltmeters require. 
Most battery eliminators cannot maintain their voltage 
when an appreciable amount of current is required. 
4 Weston, constantly alert to be of the utmost as- 
sistance in the development of the art of radio, 
again provides an instrument to meet this new 
condition. @ This new Voltmeter, known as the 
Weston Battery Eliminator Voltmeter, re- 
quires only one milliampere for full scale de- 
flection and has a self-contained resistance 
of 1,000 ohms per volt. Itis made in double 
range combinations of 200/8 or 250/50 
volts and the latter range can be sup- 
plied with an external multiplier to 
increase the range to 500 volts. 
4 This Battery Eliminator Volt- 
meter is handsomely enclosed in 
Bakelite and is supplied with 
a pair of 30" flexible cables. 


WESTON ELECTRICAL INSTRUMENT 
CORPORATION 
73 Weston Avenue, Newark, N. J. 


STANDARD THE WORLD OVER — а 


ЕЙ WESTON 


Pioneers since 1888 
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The Crowning Adventure of 


Burgess Radio Batteries 
They flew over the North Pole with Byrd 


N May 9, 1926, history was made... Ámerican history... 
World history... undying history. 


Lieut. Commander Byrd in his fearless 1500-mile flight 
across the top of the world, adds another thrilling triumph 
to the long, proud list of American achievements. 

Radio went along, for radio has become vital to the lives and success 
of explorers and adventurers. Burgess Batteries went along, sharing 


the fate—sharing the hardships and the glory of Commander Byrd, the 
Detroit Arctic Expedition, and Capt. Donald MacMillan. 


It is eminently significant that in these glorious triumphs of American 
courage and American equipment where the test of men and their tools 
was the test of the survival of the fittest, that the standard products of 
the Burgess Battery Company were selected, used and “саге on" 
under extreme and unprecedented conditions. 


BURGESS BATTERY COMPANY 


GENERAL SALes Orrice: CHICAGO 
Canadian Factories and offices: Niagara Falls and Winnipeg 


BURGESS RADIO BATTERIES 


that Christmas Radio Set 


HE equipment is as important as the set. 
The distance reach of a set depends a great 
deal on the tube in the detector socket. The 
over-all performance of a set depends very 
much on the tubes in every socket. The vol- 
ume and tone quality you will get are depend- 
ent upon the tube in the last audio stage. In 
every point, the tubes are as important as the 
set. And everyone who realizes this insists on 
genuine RCA Radiotrons. 


The research laboratories of RCA, General 
беу) Electric and Westinghouse have developed Ra- 
diotrons to new accomplishment, year by year. 
And their manufacturing skill keeps RCA 
Radiotrons far in the lead in accurate making. 


RADIO CORPORATION OF AMERICA 
New York Chicago San Francisco 


| e 
RCA-Radiotron 
MADE ВУ THE MAKERS OF THE RADIOLA 
VIII 


IMPROVEMENT on top of improve- 
ment has been the history of Ever- 
eady Radio Batteries. Here, in the 
radically different Eveready Lay- 
erbilt, is the "B" battery which tops 
them all. The ability. of this bat- 
tery to give you unrivaled service 


and economy is due to its unique | 
internal design. Instead of the usual — 
assembly of round cells, it is built, 


of flat layers of current-producing 
. materials pressed firmly together. 
"(This construction makes use of the 
spaces. now wasted between the 
round-type ccll and avoids the 
usual soldered wire connections. 
Eveready Layerbilt is every inch a 
battery. This exclusive Eveready 
Battery development packs morc 
active chemicals in a given space. 
"This Heavy-Duty EVEREADY 
Laversitr ВАТТЕВУ gives twice 


the service of the smaller Light- | 
Duty batteries and greatly reduces 


your "B" battery operating cost. 


| Eveready's exclusive | 

Гы Layerbilt construction makes 

NM this the most economical. 
‘of “B” batteries | 


Use Eveready Layerbilts on any 
set, and get not only this extra | 


` service, but also—the greatest “В” 


power operating economy—the ut- 


most in "B" power dependability 


—D.. C. (direct current) in its 


purest form, which is so necessary 
for pure tone quality. | 


Manufactured and guaranteed by — 


NATIONAL . CARBON CO, Inc. 
New York 


San Francisco 


Canadian National Carbon Co., Limited 
Toronto, Ontario 
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. Tuesday night means Eveready 


1 Hour — 9 
P. M., Eastern Standard Time, through the 
following stations: ` 


warAF-Nar York | WraAM—Cleveland 

wy ak-Providence wwJ-Detroit 

wrtl—Boston WGEN—Chieayo - 
^owTAG-Worrcester woc—Devenport - 


.§ Minneapolis 
wcco| Bt. Ракі С 
Kep—St. Lowis 
wuc-IVashington 


wer£:—-Philadeclphia 
wuRn-Buffalo. 
wear-Pittaburnh 
waAI- Cincinnati 


Radio Batteries ` 
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: Your \ 
Condenser 
Problems 


UBILIEHR condensers are used 

In practicaily every radio in- 
stallation of the United States Army 
and Navy. They are the condensers 
that have been tried by time and 
found thoroughly dependable. 


Dubilier manufactures every type 
Of condenser from the largest used 
Іп superpower transraitting stations 
to the smallest used in ‘portable 
receiving sets. 


As new condenser problems arise, 


the Dubilier. research laboratories 
will find new and efficient ways to 
meet them. 


М. Dubilier | 


4 CONDENSER AND RAD:O CORPORATION 
hanc cnn n ÉL a a -—-—-—-— :ї:—--- 
%, 
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